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SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1914.

GEOLOGY OF THE PITCHBLENDE ORES OF COLORADO.
By Epsonx S. BasTin.

The large amount of public interest that has recently been manifested in radium because
of the apparent cures of cancer effected by certain of its emanations makes it desirable to place
before the public as promptly as possible all available information in regard to the occurrence
of the minerals from which radium may be derived. The following account of the mode of
occurrence of pitchblende at Quartz Hill, in Gilpin County, Colo., is therefore published in ad-
vance of a much larger report on the same region in which many other types of ore deposits
will be considered. The field studies were made in the fall of 1912. As the geologic relations
at Quartz Hill differ in important particulars from those at foreign localities, a summary of
the genetically important features of the principal European occurrences is included for pur-
poses of comparison. My thanks are due to Mr. Frank L. Hess, of the Geological Survey, for
generously placing at my disposal additional specimens for study.

SOURCES OF URANIUM IN THE UNITED STATES.

The quantity of uranium ore mined in the United States is exceedingly small and in 1913
appears to have been equivalent to about 38 short tons of uranium oxide (U,O,), or approxi-
mately 32 tons of metallic uranium.! This is considerably larger than the production in 1912,
which was equivalent to about 26 short tons of uranium oxide, or in 1911, which was equivalent
to about 25 short tons. Practically the entire production of 1911 and 1912 and about half that
of 1913 went to foreign countries. Of this tonnage nearly all came from sandstones of the high
plateau regions of southwestern Colorado and southeastern Utah, in which the uranium occurs
disseminated as the canary-yellow mineral carnotite (2UO,.V,0:K,0.2H,0) or its calcium-
bearing equivalent tjuyamunite (2UQO,.V,0,.Ca0.2H,0). The small remaining portion of
uranium ore mined in the United States, amounting in 1912 to only 275 pounds, was uraninite,
or pitchblende, a complex uranate of variable composition to which a definite chemical formula
can not yet be assigned. This mineral occurs in two distinct ways—in small amounts in
granite pegmatites, notably in North Carolina, and in intimate association with metallic
sulphides in certain mineral veins of Quartz Hill, near Central City, Gilpin County, Colo.
The mines from which pitchblende has been obtained are all located on Quartz Hill and
include the Calhoun, Wood, Kirk, German, Belcher, and Alps mines. For many years a small
and sporadic production has come from this group and has been used mainly for specimens and
for experiments. Quartz Hill is not only the one important locality in the United States where
pitchblende occurs in mineral veins but one of the few in the world.

PRINCIPAL FOREIGN OCCURRENCES OF PITCHBLENDE.

In preparing the following summary of the principal foreign occurrences, the writer has so
far as possible consulted original sources. The chief localities outside of the United States at
which pitchblende has been found in mineral veins are the western part of the Erzgebirge, near
the German-Austrian boundary, and the Cornwall district in Englend. A brief summary of the
geologic occurrence of uranium minerals is also given in a recent article by P. Krusch.?

1 Hess, F. L., Preliminary statement of the production of uranium and vanadium: U. 8. Geol. Survey Press Bulletin, January, 1914.
1 Uber die nutzbaren Radium-Lagerstiitten und die Zukunft des Radium-Marktes: Zeltschr. prakt. Geologie, vol. 19, pp. 83-90, 1911.
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THE ERZGEBIRGE.

Types of deposits.—Muller! recognized in and near the granite batholiths of the western
Erzgebirge in Bohemia and Saxony four types of ore deposits, which he classified as follows:

A. Older ore-forming period:

1. Veins of the tin type.
2. Veins of the pyritic lead-zinc type.
B. Younger ore-forming period:
3. Veins of the cobalt-silver type.
4. Veins of the iron and manganese type.

Deposits of types 1 and 2 are connected by transitions. The tin ores are confined to the
granite and its immediate vicinity, while the pyritic lead-zinc veins are a little farther removed
from the granite batholiths. The veins of types 3 and 4 are later than those of types 1 and 2.

At Joachimsthal, in Bohemia, and at Schneeberg, Annaberg, and Johanngeorgenstadt,
across the border in Saxony, the veins of principal economic importance belong to Miiller’s
cobalt-silver type (No. 3). It is with the veins of this type that the pitchblende is characteris-
tically and exclusively associated.

Joachimsthal, Bohemia.—According to Stép and Becke ? the ores of the cobalt-silver type
in the Joachimsthal district may be further subdivided into two classes—cobalt-nickel-arsenic
ores and richsilver ores. In my opinion the ores of the first class represent the primary ore depo-
sition, and those of the second class are in all probability the result of sulphide enrichment
acting on the primary ore. The pitchblende, with its accompanying gangue minerals, quartz
and dolomite, has rarely been observed in actual contact either with the rich silver ores or with
the cobalt-nickel-arsenic ores. Usually the uranium and its gangue minerals have as metallic
associates only variable amounts of pyrite and chalcopyrite, which appear to be in part earlier
and in part later than the pitchblende. In a few places, however, the pitchblende, quartz, and
dolomite coat ore containing cobalt or nickel minerals (smaltite, chloanthite, or niccolite), and
therefore apparently are later than those minerals. The relation of the uranium ores to the
rich silver ores can be inferred only from museum specimens in which ruby silver or proustite
occurs in vugs in the pitchblende ore and in minute veinlets traversing it. It appears fairly
well established, therefore, that the uranium ores of Joachimsthal were deposited somewhat
later than the nickel-cobalt-arsenic ores but before the development of rich silver sulphides,
which in these deposits were probably formed by enrichment due to the action of meteoric
waters. The deposits are now controlled by the Austrian Government.

Annaberg, Sazony.—In the Annaberg region also the cobalt-silver type of ore is economically
the most important, and its veins in many places cut or even materially displace the earlier tin,
copper, and pyritic lead-zinc veins. According to Miiller * the pitchblende is characteristically
though nowhere abundantly associated with the cobalt-silver type of veins. It usually forms
compact spherulitic or grapelike masses, some of which have shell-like or concentric structure,
as a coating on siderite and fluorspar. Rarely it forms layers as much as 7 centimeters thick.

The primary minerals of the cobalt-nickel veins are, according to Miiller, barite, fluorite,
quartz, siderite, rammelsbergite (NiAs,), niccolite, chloanthite, smaltite, native bismuth, tetra-
hedrite, stibnite, chalcopyrite, pyrite, reddish sphalerite, and berthierite (FeS.Sb,S;). The
pitchblende, together with siderite, calcite, and some pyrite and chalcopyrite, is later than the
cobalt-nickel group of minerals but earlier than the rich silver minerals whose origin, in my
opinion, may be attributed with much probability to downward enrichment.

Johanngeorgenstadt, Sazony.—In the Johanngeorgenstadt district, which has been described
by Viebig,* the most valuable uranium ores also belong genetically with Miiller’s cobalt-silver
type, but they are characterized by an unusual abundance of native bismuth and bismuth
compounds and are valuable mainly as a source of that metal and only subordinately for the

1 Miiller, Hermann, Die Erzgiinge des Annaberger Bergrevieres, Erlauterungen zur Specialkarte des KOnigreichs Sachsen, p. 66, Lelpzig, 1804.

1 Btép, Josef, and Becke, F., Das Vorkommen des Uranpecherzes zu 8t. Joachimsthal: K. Akad. Wiss. Sitzungsber., vol. 113, pp. 585-618,
‘Wien, 1004,

8 Milller, Hermann, op. cit , pp. 84, 98-100.

¢ Viebig, W., Die Silber-Wismutgéinge von Johanngeorgenstadt in Erzgebirge: Zeitschr. prakt. Geologie, val. 13, pp. 89-115, 1905,




GEOLOGY OF THE PITCHBLENDE ORES OF COLORADO. 8

nickel, cobalt, or silver they carry. The principal primary minerals of these veins are arseno-
pyrite, cobaltite, chloanthite, native bismuth, quartz, dolomite, siderite, calcite, and rarely
barite and fluorite. The pitchblende is invariably associated with the veins of this type. It
is in part disseminated and in part in solid crusts or bands some of which reach a thickness
of 6 to 8 centimeters. Kidney-shaped and concentric forms are common. Characteristic
metallic associates are fine-grained galena and chalcopyrite and native bismuth, small masses
of these minerals being locally inclosed in the pitchblende ore. The common gangue mineral
is an iron-manganese carbonate. In other parts of the Erzgebirge the pitchblende is irregularly
distributed in nests, but in the Gottes Segen Spat mine, in this region, it occurs in considerable
quantities and with much regularity.

Schneeberg, Sazony.—In the Schneeberg district, according to Miller,! pitchblende is a
characteristic though not an abundant accompaniment of the cobalt-silver type of veins. Its
kidney-shaped or rounded shell-like masses are ordinarily associated with chalcopyrite, galena,
and brown carbonate. Milller regarded the pitchblende and its accompanying minerals as of
slightly later formation than the primary cobalt and nickel minerals and earlier than the rich

silver minerals.
: CORNWALL DISTRICT, ENGLAND.

In and near the granite batholiths of Cornwall occur not only tin and copper lodes but
also, usually at a greater distance from the granite, younger lodes of two types—(1) those con-
taining uranium and nickel ores and (2) iron-manganese lodes.? In the vicinity of Bodmin,
for example, there occur certain lodes containing arsenic and copper minerals and smaller
quantities of uranium, cobalt, and nickel ores. These lodes cross the tin and copper lodes
that are the main mineral resources of the district and are therefore somewhat younger, although
it is believed that all the lodes are genetically connected with the granitic intrusives of the
region. .

In the St. Austle Consols mine, according to Williams,* uranium minerals have been found
in certain small veins that cross the main tin-copper lode. The associates of the uranium
minerals in the cross veins are locally copper ores but more commonly ores of nickel and cobalt.
The uranium minerals also occur on the sides of the veins.

At Dolcoath, according to Pearce,* pitchblende occurred ‘“associated with native bismuth
and arsenical cobalt in & matrix of red compact quartz and purple fluorspar.” At South
Tresavean it occurs with ‘“kupfer-nickel, native silver, and rich argentiferous galena.” I
believe,”” says Pearce, ‘“in all the localities I have named, it was found in little veins crossing
the lodes” (that is, the tin lodes).

At the South Terras or Uranium mine, in Cornwall,® “The uranium lode * * * js
said to vary in width from 3 to 5 feet, but the uranium ore is confined to a leader a few inches
in width, consisting partly of pitchblende and calc and copper uranites with copper pyrites,
mispickel, and galena, and small quantities of nickel, cobalt, and chromium ore in a veinstone
of quartz and green garnet rock.”

PITCHBLENDE IN THE QUARTZ HILL DISTRICT, COLO.
GENERAL GEOLOGIC RELATIONS.

The predominant rocks of Quartz Hill and neighboring parts of Gilpin County are pre-
Cambrian igneous and sedimentary rocks and Tertiary intrusive rocks in the form of dikes and
stocks.

The oldest pre-Cambrian rocks are those of the Idaho Springs formation, predominantly a
quartz-mica schist, which is believed to be a metamorphosed sediment. This schist is intruded by

1 Mtller, Hermann, Der Erzdistrikt von Schneeberg in Erzgebirge, in B. von Cotta’s Gangstudien, vol. 3, pp. 129138, 1860,

2 Ussher, W. A, E,, Barrow, G.,and MacAlister, D. A., The geology of Bodmin and 8t. Austell: Gedl. Survey England and Wales Mem.,
Expl. 8heet 347, p. 134, 190",

3 Williams, R. H., Notice of the occurrence of nickel and cobalt at St. Austle Consols mine, near Bt. Austie, Cornwall: Roy. Inst. Cornwall
Thirty-ninth Ann. Rept., pp. 32-34, 1857.

4 Pearce, Richard, Note on pitchblende in Cornwall: Roy. Geol. 8oc. Cornwall Trans., vol. @, pp. 103, 104, 1875.

¢ Ussher, W. A. E., Barrow, G., and MacAlister, D. A., op. cit., p. 157,
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pre-Cambrian granites of at least two ages—an older granite that has been dynamometamor-
phosed to a granite gneiss and a younger granite that has not been notably dynamometa-
morphosed and is commonly massive. Granite pegmatite offshoots from both these granites are
numerous and in places intrude the Idaho Springs formation so intimately as to produce an
injection gneiss. Where the Idaho Springs formation lies near or is inclosed by considerable
bodies of granite rock, it has commonly been contact-metamorphosed to a hornblende schist.

All the pre-Cambrian rocks are intruded by dikes and stocks of monzonite porphyry and of
bostonite porphyry (entirely orthoclase). These are believed to be of Tertiary age.

. The mineral veins of the vicinity are the result of combined fissure filling and replacement
along a series of fractures characterized by easterly .to northeasterly strikes and commonly
by steep dips. The veins cut both the pre-Cambrian rocks and the Tertiary intrusives. On
the basis of mineral composition they can be divided into two types, which may be designated
the pyritic type and the lead-zinc type. They have been worked principally for their precious-
metal content, though yielding also considerable amounts of copper and lead.

The principal primary minerals of the pyrmc type are pyrite and quartz; chalcopyrite
and tetrahedrite are almost invariably present in subordinate amounts, and enargite, fluorite,
and rhodochrosite occur here and there. The primary minerals commonly present in the
veins of the lead-zinc type are galena, sphalerite, pyrite, chalcopyrite, quartz, and calcite.
Some parts of the district are characterized solely by one or the other of these types of mineral-
ization, but in many of the veins both types are present. Insuch veins it has been demonstrated
by repeated exposures that the lead-zinc type is somewhat later than the pyritic type and that
the minerals of the former commonly line vugs or fractures in those of the latter. It is believed,
however, that the lead-zine mineralization followed close upon the heels of the pyritic mineral-
ization, and that the two types represent merely successive epochs in one great vein-forming
period. Although the mineral veins cut the monzonite prophyry dikes and stocks, it is believed
that both came from a common deep-seated source, the ore-bearing solutions following the
monzonite intrusion after a short interval.

Sulphide enrichment in the upper portions of many veins of the lead-zinc type has developed
secondary silver minerals in considerable abundance, and such veins are known as “silver
veins,” their principal value being in that metal.

PITCHBLENDE ORES.

Although few opportunities were afforded for studying the richer pitchblende ores in place,
because of suspension of mining at most of the mines, numerous specimens presented to the
Survey by men interested in these mines were polished and studied under the reflecting micro-
scope and found to show clearly the relations of the pitchblende to the sulphides which accom-
pany it in the veins.

In a number of specimens it is evident that the pitchblende crystallized contemporaneously
with chalcopyrite, pyrite, and probably gray quartz. A specimen from the Wood mine, obtained
through the courtesy of Mr. W. C. Denison, when polished and studied presented the appearance
shown in Plate I. Some of the intergrown chalcopyrite and pitchblende show angular outlines,
as indicated in Plate I, A, but more commonly the pitchblende areas are ringlike in cross section
with chalcopyrite occupying the center of the ring and inclosing it, as indicated in Plate I, B.
Pyrite and gray quartz, apparently contemporaneous with the pitchblende and chalcopyrite,
are present in small amounts. Specimens from the Wood and German mines in the mineral
collections at the State Capitol in Denver show chalcopyrite and pitchblende so intimately
intergrown as to leave little doubt of their contemporaneous crystallization. In other speci-
mens from the Wood mine botryoidal pitchblende has cores of pyrite and is in places fringed
with pyrite, as shown in Plate II, B. To summarize, the manner in which the minerals are
intergrown in several specimens shows conclusively that pitchblende crystallized contempo-
ranedusly with chalcopyrite and probably with minor amounts of pyrite and gray quartz.

In other specimens the relations between pitchblende and sulphides are entirely different.
A specimen of rich ore from the Calhoun mine, obtained through the courtesy of Mr. Hugh C.
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CAMERA LUCIDA DRAWINGS OF POLISHED SURFACE OF PITCHBLENDE ORE
FROM THE WOOD MINE, QUARTZ HILL, GILPIN COUNTY, COLO.

S}lowing contemporaneous growth of pitchblende, chalcopyrite, and pyrite. In B, drawn
from another part of the same specimen as A, the pitchblende areas show rounded
outlines.



U. 8. GEOLOGICAL SURVEY PROFESSIONAL PAPER 90 PLATE I

| S 1. —

4. CAMERA LUCIDA DRAWING OF POLISHED SURFACE OF PITCHBLENDE
ORE FROM THE CALHOUN MINE, QUARTZ HILL, GILPIN COUNTY, COLO.

Showing pitchblende traversed by later veinlets of sphalerite, pyrite, and galena.

B. MICROPHOTOGRAPH OF POLISHED SECTION OF PITCHBLENDE ORE
FROM THE WOOD MINE, QUARTZ HILL, GILPIN COUNTY, COLO.

Showing botryoidal forms characteristic of much of the pitchblende. Py, Intergrown pyrite.
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Brown, consists principally of pitchblende, but this mineral is sharply cut by veinlets one-eighth
inch or less in size, composed of sphalerite, pyrite, and some galena. An enlarged viaw of some
of the smaller veinlets as seen under the reflecting microscope is shown in Plate IT, 4. Another
specimen from this mine shows pitchblende in botryoidal forms fractured and traversed by
minute veinlets consisting predominantly of pyrite, chalcopyrite, and dark-gray quartz, but
containing some galena and sphalerite. In the more shattered portions fragments of pitch-
blende lie in a matrix of these sulphides. A specimen from the Calhoun mine, obtained from
Mr. Percy R. Alsdorf, shows altered schist traversed across its foliation by a $-inch to %-inch
veinlet of pitchblende. A polished section shows that the pitchblende has in places been
shattered and that fragments of it lie in a matrix of galena, sphalerite, chalcopyrite, and gray
quartz, while other parts are traversed by minute veinlets of galena. It is clear, therefore,
that there has been some sulphide mineralization subsequent to the deposition of the pitch-
blende.

The pitchblende ores of Quartz Hill are believed to represent merely a local and unusual
variation in the main sulphide mineralization of this region—a variation of the same order as
the occurrence of enargite in a neighboring group of veins near South Willis Gulch. I found
no evidence to support Rickard’s opinion! that the pitchblende mineralization is genetically
connected with the intrusion of the granitic rocks, whose age is pre-Cambrian; on the con-
trary, I believe that, together with the sulphides that accompany them, they are genetically
related to the Tertiary monzonite intrusives.

The significance of the contrasting and apparently contradictory modes of association of
the pitchblende with the sulphide minerals becomes apparent when it is recalled that the
Central City district is in general characterized by two types of mineralization, an earlier
pyritic mineralization and a later lead-zinc mineralization. It is believed that the pitchblende
was deposited during the earlier or pyritic mineralization, that it was afterward fractured,
and that the fractures thus formed were filled by sulphides of the later or lead-zinc mineral-
ization.

The general geologic relations and the absence of characteristic high-temperature minerals
in the deposits of Quartz Hill, as well as in those of Cornwall and the Erzgebirge, indicate that
the pitchblende was deposited under conditions of moderate temperature and pressure. Unlike
the European pitchblende, however, the pitchblende of Quartz Hill is not associated with
nickel and cobalt minerals, which so far as known have never bean found in that region even in
small quantities. The occurrance of pitchblende in pegmatite as well as in mineral veins of
the type here described shows that the mineral may also form under conditions of high
temperature and pressure.

1Rickard, Forbes, Pitchblende from Quartz Hill, Gilpin County, Colo.: Min. and Eci. Press, June 7, 1913, pp. 851-856.






EROSION AND SEDIMENTATION IN CHESAPEAKE BAY AROUND
THE MOUTH OF CHOPTANK RIVER.

By J. FrEp. HUNTER.

INTRODUCTION.

With the unfolding of geologic knowledge during the last century the processes of denudation,
transportation of sediments, and sedimentation have become better understood, and to some
extent their relative effects in bringing about the present configuration of the earth’s surface
have been determined. The nature of these processes has been studied in many parts of the
globe, but owing to the large size of the units affected and the slowness of the processes there
has been little opportunity to collect quantitative data. Indeed, the data available are very
largely conjectural, their degree of accuracy being only that of good guessing. However, with
the advemt of accurate topographic and hydrographic surveys, the first steps toward actual
measurements of some of the many interesting surficial changes that are in progress have been
taken, and it only remains for time and additional observations to afford opportunities for
comparison. Resurveys, particularly by the United States Coast and Geodetic Survey, of parts
of the eastern coast of the United States at different intervals have shown in many places marked
changes of both shore line #nd sea bottom, as on Cape Cod, on Nantucket Island, and in Dela-
ware Bay. Comparisons of this kind have so far been incidental to work in engineering and
coast surveying, so that there has been little opportunity for the selection of localities particu-
larly adapted to studies of erosion and sedimentation.

Chesapeake Bay, which is really a large tidal river, is favorable for such investigations, in
that it has a drainage basin of moderate size and retains a large part of the sediments brought
in from that basin by its tributary rivers. Moreover, this bay, since the memorable explorations
of Capt. John *Smith in 1608, has been of much interest to explorers and map makers. The
classic map made by Smith was followed by many others of varied character, such as Herman's
‘‘Map of Virginia and Maryland” (1670) and Griffith’s ‘‘Map of Maryland’’ (1794), both of which
were the standard maps of their time and marked great advances in the cartographic knowledge
of the bay.! In the course of the general economic development of this region further data
as to the limits and character of Chesapeake Bay and its tributaries continued to accumulate as
the result of the work both of governmental bureaus and of private concerns until in the fourth
decade of the last century the need began to be felt for a thorough topographic and hydrographic
study of the bay. In 1845 the United States Coast and Geodetic Survey began such a study,
and by 1848 had surveyed the entire bay and prepared charts on the scale of 1: 20,000 showing
with accuracy the shore lines and the depths of water. In 1900 it was deemed necessary to make
a similar study of the bay in connection with the work of the Maryland Shell Fish Commission,
and by 1903 a second set of charts had been completed by the Coast Survey, on the same scale
and showing the same detail as the earlier charts. Both sets of charts are accurate and are
unique in covering so well so large and important an area at dates removed from each other

1 For an interesting detailed history of the explorations and surveys of Chesapeake Bay, see Mathews, E. B., The maps and map makers of
Maryland; Maryland Geol. Survey. vol. 2, pt. 3, 1898,
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by an interval of more than half a century. Even a cursory examination of the corresponding
charts of the two periods shows important changes in the position of the shore line and of the

bay bottom.

10 ] 10 20 ! 30MIL£S
—_ 1

FIGURE 1.—Sketch map of Chesapeake Bay, showing the area studied and its rela-
tion to other parts of the bay.

Mr. Charles Yates, of the United
States Coast and Geodetic Survey, who
has spent a number. of years on Gov-
ernment survey work in Chesapeake
Bay and to whom the writer is in-
debted for a number of facts used in
the preparation of this paper, has re-
peatedly urged a study of the processes
of erosion and sedimentation as brought
out by a comparison of these charts.
Owing to the great mechanical labor
and the long time necessary for such
an investigation, the writer has con-
tented himself with the study of a
very small test area on the eastern
shore of the bay around the mouth of
Choptank River, including Tilghman,
Sharps, and James islands and the
adjacent mainland, with the purpose
of ascertaining the advisahility and
possible results of a more elaborate
study of the entire bay. (See fig. 1.)
The test area, which is situated about
midway of the length of the bay, is
representative of that portion of it
which has suffered change sufficient
to be noted by cursory examination

‘of the two sets of charts. Moreover,

it lies in an intermediate position,
north of which the change in shore
lines has been effected chiefly by ero-
sion and south of which there has

- been a very large amount of marsh

building. This small area affords an
excellent opportunity to establish cer-
tain local rates of erosion and sedi-
mentation, but of course gives no data
for many of the larger and more gen-
eral conclusions that would be expected
from a study of the entire bay. For
example, the relation of sedimentation
to land waste as studied by Hum-
phreys and Abbot in the Mississippi
River basin and by Mellard Reade,
Elie de Beaumont, Archibald Geikie,
and others in river basins of Europe
and elsewhere, suggests itself as a
subject for an investigation that could
hope to bear fruit only if pursued on
the larger scale.
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SURVEYS OF THE AREA DISCUSSED.

The earliest adequate sketch of the mouth of Choptank River is on Herman’s ‘“ Map
of Virginia and Maryland” (1670). Although the map shows much distortion, the chief land
features of the area here discussed are represented about as they exist to-day except that James
Island (called James Point) had a broad connection with the mainland. Griffith’s  Map of
Maryland” (1794) shows the land features as they are now, James Island, strange to say, being
widely separated from the mainland, although a chart of the Coast Survey prepared in 1848
shows a narrow isthmus between the two. A singular though probably not very significant fact
in view of the primitive methods of surveying and the moderate degree of accuracy of the
two early maps is that on each of them Tilghman Island is represented as having an outline very
different from its present shape and as being separated from Sharps Island by a considerable
stretch of water. This fact is interesting in view of the current belief of the inhabitants in
a very recent land connection between the two islands. Although these maps are of interest in
view of the changes that are known to be taking place, no reliance can be put on their accuracy.

Besides the topographic and hydrographic surveys of 184748 and 1900-1901, a plane-table
survey of the shore lines of James and Sharps islands, the southern portion of Tilghman Island,
and Cook and Hills points was made by Mr. Yates and the writer in December, 1910, with the
aid of the charts and triangulation stations of the Coast and Geodetic Survey. The United
States Geological Survey has published topographic and geologic maps covering the area,’
which is located partly in the Choptank and partly in the St. Marys quadrangle.

TOPOGRAPHY AND GEOLOGY.

Two principal topographic and geologic features are represented in this area. One of
these is the plain or terrace occupied by the Talbot formation, which is the lowermost and at the
same time the youngest of the Pleistocene Columbia group. Although elsewhere this terrace
may rise to 40 feet above sea level, it does not reach more than 10 feet in the area under discussion.
It is built up chiefly of clay marl and sand, with scattered patches of gravel, and in most places
it is terminated by a low scarp cut by the waves, though locally it slopes gently to the water's
edge. The other principal feature is the tidal marshes which occupy the remaining but much
smaller part of the area not covered by the Talbot formation. They consist of low-lying,
swampy land which at high tide may be largely submerged. They are composed mainly of the
same materials as the Talbot but contain also an abundant growth of swampy sedge or grass
which aids in filling up the depressions by serving as obstructions that retain the mud and by
furnishing a perennial accumulation of vegetable débris. The living and dead plants form a
thick network through the clay marl and peat, which, thus reinforced at the water’s edge, offer
great resistance to the cutting of the waves.

CHANGES 'IN SHORE LINE.
JAMES ISLAND.

Loss in area.—James Island is the southernmost of the trio of islands (James, Sharp, and
Tilghman islands) which stand in a line across the mouths of Choptank and Little Choptank
rivers and front on the bay. It is crudely wedge-shaped and is nearly cut in two by an inlet
that crosses it diagonally. It is next to Tilghman Island in size, being nearly 2 miles long and
three-quarters of a mile wide and having a present area of 490 acres. Although now deserted
except for a few families the island had at one time a much larger population, as shown by the
presence of about 20 houses, a schoolhouse, and a church. The land nowhere rises above 10
feet in elevation, and the shore scarps in places attain 7 feet.

A comparison of the maps of 1848 and 1900 shows some remarkable changes in this island.
(See P1. II1.) The narrow isthmus, probably no more than a sand bar, which connected the
island with the mainland in 1848 had disappeared in 1900, when 0.28 mile of water separated
the two land bodies. At the time of the survey in 1900 the west shore had receded to a point

1 S8hattuck, G. B., and Miller, B. L., U. 8. Geol. Survey Geol. Atlas, 8t. Marys folio (No. 138), 1806. Miller, B. L., U. 8. Geol. Survey Geol:
Atlas, Choptank folio (No. 182), 1912.
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500 yards beyond the head of the inlet of 1848. The inlet had been filled in and the sand bar
separating it from the bay had shifted bodily eastward. In area the island had decreased
from 975 acres in 1848 to 555 acres in 1901. It had thus suffered a loss of 420 acres, or 43 per
cent, in 53 years, showing a mean annual loss of nearly 8 acres. During the succeeding 9
years it was cut down to 490 acres, an average of over 7 acres being cut away each year, the
total loss for the period being 65 acres, or 12 per cent. During the 62 years covered by the study,
485 acres, or nearly half the island, had disappeared, an average of 7.8 acres, or about 0.8 per
cent of the original area, being carried away each year. However, as the island becomes smaller
and the coast line shorter, this average annual loss will be reduced.

Linear cutting.—As in the other islands, almost the entire cutting has taken place on the
northern and western shores, the eastern strand line remaining practically stationary during
the entire period. The cutting of the outer shores is doubtless due to the strong bay currents
and storm waves which sweep these shores, eroding and carrying away great quantities of
sediment. Howoever, the rate of cutting has differed notably in different parts of the shores,
owing in large measure to unequal resistance of the land material. In general, where the land
is comparatively high and where the shore material consists of the clays and marls of the Talbot,
formation, the cutting goes on most rapidly. In such places the low cliffs offer favorable
conditions for erosion. The marly clay, being undercut by the waves, crumbles down in clods
or lumps of various sizes. This process of breaking down is helped and to some extent regulated
by joints and narrow clay seams, probably formed by the percolation of water dashed back on
shore. In many places the shore has numerous angular and rounded reentrants, in some of
which are fashioned small caves that may extend to a distance of several feet. The presence
of trees on the shore, especially where it is high, may hasten the retreat of the strand line. As
the waves cut away the earth from around their roots they fall over into the water, carrying a
quantity of soil with them and loosening still more of it where they formerly stood.

The low-lying marl land is much more resistant to erosion than the higher clay scarps.
The salt marshes formed by this type of shore deposit support a dense growth of sedge and grass,
whose roots are matted together in the clay and sand. This vegetation serves to hold the fine
material blown and washed over it, and the marsh is thus built up. At the same time the waves
are unable to cut this reinforced material rapidly. Out of these facts comes the explanation of
a rather curious and interesting phenomenon. The map of 1901 showed that the only remains
of the north end of the James Island of 1848 was a small island situated on the spot which
was formerly an arm of the diagonal inlet but which was later filled with marsh material. That
water in the midst of land in 1848 should become land in the midst of water in 1901 is a remark-
able result of the greater resistance of the marsh-built land. Similar phenomena have been
noted elsewhere in the course of the study; in fact, wherever the shore has been of tide-marsh
formation the erosion has been comparatively slight.

Another interesting feature of the change in James Island is the shifting of the sand bar
that separates the waters of the bay from the head of the inlet. The waves probably add
about as much sand as they carry away, the accretions being largely carried over into the inlet
basin. Thus the bar seems to be moving slowly eastward. It is probable that in time the
bar will be broken through, as was the bar between the island and the mainland. Once open
the channel would be widened and the rate of erosion of the resulting two islands accelerated.

No less striking than the loss in area suffered by the island during the last 62 years is the
amount of linear advance of the bay. A comparison of the first two maps shows that the average
amount of erosion on the north and west coasts of the island during the period from 1848 to
1901 was nearly a quarter of a mile and the annual average was 24 feet. That the rate is fairly
constant is shown by the fact that during the nine years succeeding 1901 the average annual
rate was 23 feet. At this rate the island, whose maximum width is 0.66 mile, should disappear
in about 150 years. This estimate is almost exactly the same as another reached by a con-
sideration of the annual areal loss per mile of eroded shore line. Although this agreement is
interesting, the result is little more than a guess, as numerous other factors may enter to disturb
the present conditions and rate of erosion.
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TILGHMAN ISLAND.

Tilghman Island is the largest and most northerly of the three islands under discussion.
It is over 34 miles long and has an area of more than 3 square miles, providing homes for many
prosperous farmers and fishermen. At its northend are located the towns of Tilghman and Ava-
lon, with a population of several hundred people. It is separated from the mainland by a narrow
strait called Knapp Narrows.

This island has suffered much less erosion in proportion to its area than either of the other
two. The eastern coast, as in the other islands, remained essentially unchanged during the
63 years from 1847 to 1910. [Extensive erosion has taken place along the western coast, except
in the protected portion in Pawpaw Cove, a semicircular indentation midway of the island.

During the 53 years between 1847 and 1900 the area of Tilghman Island decreased from
2,015 to 1,686 acres, a total loss of 329 acres, or over 16.3 per cent. The maximum encroach-
ment of the sea has been on the southern cape (Blackwalnut Point), which has receded a quarter
of & mile in 63 years. The average annual encroachment of the sea on the western shore during
the 53-year period was 10 feet, the estimate excluding the shore of Pawpaw Cove, which has
not changed. This is a much lower rate than those effective on the corresponding coasts of
the other islands. Only the southern portion of the west coast was surveyed in 1910, but here
the erosion has been rather rapid, averaging 29 feet a year for the 10-year period beginning
with 1900.

That Tilghman Island will have a much longer life than the other two islands is manifest.
By considering as before the mean annual areal loss per mile of exposed shore line and using
one-half the remaining westerly exposed shore line as a basis, it would seem that the island
will not disappear in its watery grave for at least 570 years. However, this estimate must be
regarded only as a very rough approximation.

Although the earliest maps show a large stretch of water between Tilghman and Sharps
islands, many of the residents recount the tales told by their forbears of a generation or two
ago concerning the proximity and even the connection of the two islands. It may be inter-
esting in this connection to point out the fact that during the 63 years from 1847 to 1910 the
average annual widening of theintervening water area was0.01 mile. As theislands in 1910 were
3.38 miles apart, the time of their separation, if this rate of widening has prevailed continuously,
would be about 340 years ago, or about 1570. This is a hundred years earlier than the date
of the oldest map, that of Herman, which shows a considerable stretch .of intervening water.

SHORES AROUND THE MOUTH OF THE CHOPTANK.

This discussion so far has considered chiefly the shores exposed to the waves of Chesapeake
Bay. It may be worth while for comparison to note the changes that have taken place on
points affected more particularly by the currents of Choptank and Little Choptank rivers.
Cook Point, which lies almost due east of Sharps Island, has been remarkably eroded.” During
the 53-year interval from 1847 to 1900 this point suffered a loss of 108 acres, or about 17 per
cent of its area, thus losing about 2 acres each year. On the northwest coast of the point,
where the erosion has been greatest, the water has encroached as much as 0.2 mile in 63 years,
or at the rate of 16 feet a year. This rate, however, is a maximum—not an average for the
coast line. An interesting feature is the increase of the rate during the 10 years from 1900 to
1910, when the maximum cutting amounted to 0.06 mile, or 32 feet a year. Except at the
extreme end there has been comparatively little change on Cook Point. On the west side of
the point a pond inclosed by a sand bar is filling up, and is a further example of strongly resisting
marsh material. On Hills Point, south of Cook Point, there has been considerable erosion
along the northwesterly exposed shores. The average rate here is about 15 feet annually,
although the point of maximum cutting may show nearly twice that much. The spit at the
end of this point is remarkable for its persistence throughout the 62 years. Farther south
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the west shore of Ragged Point was cut away to a distance of 0.14 mile in 52 years, or at the
considerable rate of 14 feet a year. Nelson Point, on the north side of the Choptank and east
of Tilghman Island, suffered a very considerable loss in the 53-year interval before 1900. The
former point receded nearly a quarter of a mile, while farther north the neck was cut through
by the currents, leaving the former southern part of the peninsula an island.

In general the erosion inside the rivers has been less than on the shores exposed to
the action of the bay, although at a few favorable points the cutting has been equally
great. As might be expected, the numerous inlets which in part make up the devious shore
line of this area showed but little change at the end of the 53-year period. Except at the
localities already mentioned, the shore does not show any large losses, the maximum probably
being 300 or 400 feet. Moreover, nowhere in the area under discussion has any considerable
amount of gain been made by the building up of land. However, south of the area studied
large delta deposits are constantly growing and will add a very interesting chapter to the history

of the bay.
CHANGES IN SEA BOTTOM.

GENERAL STATEMENT.

Comparison of the surveys of 1847—48 and 1900-1901 not only showed very appreciable
changes in the position of the shore lines of the bay but also more or less shifting of the sediments
on the sea bottom, as indicated by the differences in soundings for the two periods. Many of
these differences are so slight as to come within the limit of error and of the personal equation
of the hydrographers. At the same time, in the study of a large area such as the entire Chesa-
peake Bay, many of these small differences might rightly be taken into account, for any
errors would probably tend to compensate rather than to accumulate. However, over a
considerable area the results would without doubt be negative; that is, they would show no
change. The area here discussed is entirely too small to obtain any very substantial or impor-
tant conclusions. Nevertheless, a few facts may be worthy of note and may suggest further
and better methods for the study of the larger problem.

The method here pursued was to draw, from the Coast Survey charts, hydrographic contours
representing depths of 6, 12, 18, and 30 feet below mean sea level for the two periods. By
suitably designating the two sets of contours, the areas of cut and of fill could by a little inspec-
tion be distinguished. As an intermediate step the area over which a recent contour had
shifted was hachured differently according as it had moved toward what was higher ground,
thus showing a scouring, or toward what was lower ground, thus showing a shoaling. This
greatly facilitated the mapping of the areas subject to erosion and to sedimentation.

AREAS OF EROSION.

The largest and most important area of scouring is that west of Tilghman and Sharps islands.
In fact, except for a small area directly north of the mouth of Choptank River and an area west
of James Island, the slopes of the bay have experienced fairly uniform cutting. Almost every-
where, however, the erosion has been greatest near the shore, while at a depth of 30 feet the
contours show but little change. In the vicinity of the 6 and 12 foot contours the difference in
depth for the two dates very rarely reaches 6 feet, while the average would probably be much less.

Another area of extensive erosion is that north and west of James Island, at the mouths of
Choptank and Little Choptank rivers, where there has been a deepening of more than 6 feet
near shore and uniformly less toward the deep channel. An interesting and rather unexpected
area of scour is that west of Ragged Point and southeast of Hills Point, but the amount of change
here is somewhat smaller than in the other areas mentioned. Smaller areas of scour are scattered
with little regularity over the region, the exact causal relations in many of them not being
entirely evident.
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AREAS OF DEPOSITION.

The areas of deposition are fewer and somewhat more interesting than the areas of erosion.
They indicate local checking of the movements of the currents, which may have resulted from
a variety of causes. Perhaps the most interesting example of shoaling is that between Tilghman
.and Sharps islands, where more than 6 feet of sediment has been laid down in places, the
maximum amount being found between the 12 and 18 foot contours. Here Choptank River,
flowing westward, probably meets, for a large part of the time at least, a strong inshore current
from the bay. The velocity of the river waters is thus diminished and deposition results. On
the opposite (south) side of the channel scouring has taken place, thus indicating an acceleration
of the river current on that side, except close to the shore, where, strange to say, the soundings
show slight deposition. As the river flows on and reaches the broad stretch of water between
Sharps Island and the shores of Trippe Bay, its velocity is again decreased, owing to the
increase in area of cross section, with the result that deposition occurs on both sides of the
channel. .

North of the mouth of the river there is an area in which the movement of the water is

" modified, owing to the junction of the bay and river currents. Here there is, for this reason, a

small area of deposition. The cause of the shoaling west of James Island is not immediately
apparent, although it may lie in the diversion of the strong river current in a southeasterly
direction by the bay currents, a portion of the water being thus backed up against the island
and east of the main channel. Other areas of deposition are those east of James Island and on
the east side of the Little Choptank between Ragged Point and Hills Point. ’
Approximately 34 per cent of the area covered by water in the territory under discussion
has been affected by erosion or by sedimentation. Of this portion about 80 per cent, or approxi-
mately 26 per cent of the total area under water, has been subjected to scouring during the
52-year interval from 1848 to 1900. It appears from a study of profiles and contours that the
vertical elements in the areas of erosion and in the areas of sedimentation are approximately
equal. Now, inasmuch as but 20 per cent of the area subject to change showed shoaling while
80 per cent showed scouring, and ag the vertical element is approximately the same in each case,
it becomes evident that the equivalent of at least 60 per cent of the sediments affected in the
area must have been carried farther down the bay. The areas subjected to erosion aggregate
35 square miles and those subjected to sedimentation 9 square miles, making an excess of 26
square miles eroded. By taking 14 feet as a reasonable average for the amount of vertical
change, the total quantity carried out of the area and down the bay would approximate 0.007
cubic mile. Of course, no estimate is possible as to the amount transported through this area
from points beyond its borders. However, it is apparent that a study of the entire bay would
yield interesting data on the amounts of material eroded and deposited in different portions of it.
If to such data could be added an estimate of the amount of sediment carried past any point
in the bay during the 52-year interval, an approximate estimate could be made of the total land
waste of the basins drained by the tributary streams above this point. Such a result would be
of fundamental importance to geologists in the consideration of the phenomena of denudation.
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SUMMARY.
The quantitative results of the study can best be presented by the following table:
Results of erosion at mouth of Choptank River.

, Ave advance of
wm on eroded

Interval
Date of Area between L“:“W coasts.

1848
James Ialand........c.iiiiiiiiiii i it 1901
110
1848
Bharps Island..........ooioiiiiii e !I 1800
1910
taant |
Tilghman Island..........coiiiiiiiiiii it 1900
] 1847
Cook Polntd..............ooeeeuene de ettt ciaiaes [ 1000
‘ 1910
Hills POIDt. ...eceoeieneenmeenee e e ceeesaee e eeeanneens { o
RAZREA POIME -« e ceeeeeeeneeae e eee e e e e e e e eaeeaanaans l{ 1548
|
a North shore
b West shore.
¢ Only the south end of Tilghman Island was aurve{ed in 1910,
L sz) to the shape of Cook Point the maximum linear cutting was measured rather than the average.

¢ For 63 years.
7 For 10 years.

The most interesting feature of the study is the rapid destruction of the three islands.
Sharps Island is disappearing most rapidly and will probably be entirely effaced before 1950.
The remarkable rate of cutting during the last 10 years on the north end of this island, amount-~
ing to 110 feet a year, is worthy of note. Observation shows that practically all the erosion
has been on the west and north sides of the islands; that is,on the shores which are most open
to the attack of the southerly bay currents and the westerly winds and their waves. In general
the cutting has been greatest along the shores having low scarps made up of the clays and marls
of the Talbot formation and least along those of the low-lying tidal marshes. For this reason
the land now being formed will in many places outlive the older and higher portions. Most of
the projecting points within the entrance to the Choptank show considerable change, although
much less than the shores of the bay proper. No building up of the land is going on within the
area studied, although farther south extensive delta deposits are being laid down.

A study of the submarine changes shows rather extensive scouring along the eastern shore
of the bay proper and less extensive though equally intensive shoaling at places within the
river mouth. The equivalent of approximately 60 per cent of the total amount of the sediments
subject to change in the area is carried farther down the bay. A very rough estimate of the
quantity of material carried away from the area is 0.007 cubic mile, but owing to the fact that
this material comes from several different basins and that the amount of sediment transported
through the area is unknown no idea as to the rate of land waste could be obtained.

In conclusion, while the present work should be regarded only as a test investigation of
the erosion and sedimentation in Chesapeake Bay, it is demonstrated by the comparison of the
two surveys of 1848 and 1900 that very significant changes both in the topography and in the
hydrography of the region have taken place. Although the data here set forth are chiefly of
local importance, it is hoped that the study may suggest certain methods that are applicable to
a complete study of the bay. Such a study of the changes during an interval of over 50 years
would present some idea as to the land connections and distribution not only of the past but
likewise of the future. It would also give quantitative data on the rate of erosion and of sedi-
mentation and, if carried far enough, should furnish new and significant data on the rate of
land waste in the surrounding basins. Finally, if the study of this small area shall lead to a
more extensive investigation as to the quantitative relations of these fundamental geologic
processes, the purpose of the work will have been fulfilled.






DIKE ROCKS OF THE APISHAPA QUADRANGLE, COLORADO.

By WarrMaN CroOss.

INTRODUCTION.

Location and field work.—The Apishapa quadrangle, the geographic relations of which are
shown by Plate IV, is situated on the plains south of Arkansas River, in Colorado, about 24
miles east of the mountain front. The geology of the Pueblo, Walsenburg, Spanish Peaks, and
Elmoro quadrangles, adjoining it on the northwest, west, southwest, and south, respectively,
has been described in folios of the Geologic Atlas.! G. K. Gilbert, assisted by F. P. Gulliver
and G. W. Stose, took up the survey of the Apishapa area in 1894. The Apishapa folio was
completed by Stose and was issued in 1913. The rocks to be described in this paper were col-
lected by Gilbert and his assistants, the present writer never having visited the area. The
following description of the occurrence of the rocks has been kindly furnished by Mr. Stose.

Occurrence of the rocks.—Forty-three dikes have been observed in the Apishapa quadrangle.
They are mostly vertical in position and trend as a rule nearly west, or somewhat to the south
of west. The greater number are from 4 to 10 feet wide, but a few reach a width of 20 feet or
more.

The trend of the dikes and the character of the dike rocks demonstrate clearly that they
belong to the outer zone of the system of dikes radiating from the Spanish Peaks center, to
the southwest. Near this center similar dikes cut the Eocene Huerfano formation, and in the
Apishapa quadrangle the latest Cretaceous formation present is penetrated by some of the
rocks here described. While the dikes are therefore possibly of late Eocene age, they may be
considerably younger. Fragments of the dike rocks are found in the earliest' terrace deposits
of the quadrangle.

‘The dikes are most numerous, naturally, in the southwestern part of the quadrangle—the
part nearest to the Spanish Peaks. The most thickly intruded tract is an elliptical upland
area southeast of Bonita Cordova ranch, where 12 dikes occur within a strip about 1 mile wide.
In a few places dikes were observed to intersect one another, but the relative ages were not
determined, though the identification of specimens has shown that in most of these places the
intersecting dikes are made up of different rocks. In Graston Butte, the dike hill east of North
Rattlesnake Butte, a long branching dike of basalt is cut by a shorter one of augite vogesite.

Where the dikes penetrate shale the shale has been indurated, as a rule for several feet
from the contact, and erosion has left the dike and the indurated wall rock projecting above
the surface of the soft shales. No noticeable mineral ehange has occurred in the baked shale.
A similar effect is locally found where dikes cut limestone.

The most conspicuous of these dike ridges are Mica Butte and Blue Hill. Graston Butte,
east of North Rattlesnake Butte, and some others, unnamed, are nearly as large but are less
conspicuous because they are less isolated.

Where the dikes cut the Dakota sandstone or the Timpas limestone (Cretaceous), they are
generally attacked more readily by weathering and erosive agencies than the wall rocks and
therefore are indicated by crevices or channels traversing the sedimentary formations.

1 Gilbert, G. K., U. 8., Geol. Survey Geol. Atlas, Pueblo folio (No. 36), 1897, Hills, R. C., idem, Elmoro folio (No. 58), 1899; Walsenburg
folio (No. 68), 1900; Spanish Peaks folio (No. 71), 1901, 17
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Several dikes contain xenoliths of foreign rocks brought up from lower levels and derived
partly from sediments traversed by the dikes and partly from the pre-Cambrian complex below.
The pre-Cambrian rocks are granites, gneisses, and schists, similar to those of the Greenhorn
Mountains, to the west. No fusion or notable metamorphism of these xenoliths was observed.

General character of the rocks.—All the Apishapa dike rocks are very dense and dark in the
unaltered state. The rock most easily determinable in hand specimens is a minette. Two
diabases are dark gray and with a hand lens one can recognize feldspar and pyroxene in them.
The largest group is that of the.homogeneous-appearing aphyric aphanites; these grade into
melaphyres (in the field meaning of the term) exhibiting more or less abundant and distinct
small olivine and augite phenocrysts. Biotite tablets as much as 1 centimeter in diameter are
sporadically developed in some rocks.

A few specimens are characterized by round or irregular white grains of analcite. Although
in two specimens these grains appear like phenocrysts, it is believed that they are the filling of
small pores. In one rock a fibrous zeolite occurs beside analcite partly filling vesicles. Calcite
and chlorite are associates of the analcite in some rocks.

Microscopical study shows that the rocks belong to a series of lamprophyres ranging from
minette to basalt. That the basalt is but one extreme of the series is shown by the gradation
through several occurrences into alkali feldspar rocks carrying abundant biotite and brown
hornblende, with augite and more or less olivine. The analyses to be presented confirm this
characterization. The dikes of the adjacent quadrangles furnish many other lamprophyric
varieties, according to Hills, making the gradation still more striking.

The Apishapa dike rocks will be described under the names minette, augite minette,
tinguaite, olivine-bearing augite vogesite, augite-hornblende vogesite, sodic diabase, and olivine-
plagioclase basalt.

PETROGRAPHY.
MINETTE.

Description.—The single dike of normal minetté occurs west of the lower or north end of
the canyon of Apishapa River. It trends east-west and is 10 feet or more in average width.
Material from a point about 5 miles west of the river has a reddish pr gray-brown color due to
numerous leaves of glistening biotite, many of which are 2 or 3 millimeters across. A rude
parallel arrangement of the biotite flakes causes a marked schistosity. The matrix is pale,
pinkish in tone, owing to the presence of minute biotite scales and limonite pigment. -No
phenocrysts of feldspar or augite can be detected.

Under the microscope therock is seen to be a mass of interlacing leaves of fresh biotite, which
form perhaps one-third of the whole, with a matrix consisting principally of clear alkali feldspar
in blades, many of them arranged in sheaf-like bundles. Besides these predominant constitu-
ents, apatite is notably abundant in colorless cross-jointed prisms, the smaller of which are
included in the biotite. A prismatic mineral, presumably diopside, was once an abundant
element but is now almost wholly decomposed, chlorite and calcite in a very fine aggregate of
indistinct outline taking its place. Magnetite is scattered through the rock in dustlike particles
surrounded by limonitic stain. The feldspar is principally orthoclase, with which is associated
some soda-rich plagioclase, probably oligoclase-albite.

Calcite occurs not only as one of the alteration products of the prismatic mineral but also
in minute scales and irregular particles scattered through the mass. No calcite grains with
distinct cleavage have been seen. The amount of calcite corresponding to the CO, found by
analysis is much greater than the estimate from microscopical examination. This discrepancy
is explained by the presence of minute seams of calcite parallel to the schistosity, representing
a deposit from circulating solutions. These seams do not appear in the thin sections.
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Chemsical composition.—An analysis of the rock just described, made by George Steiger in
the laboratory of the Geological Survey, is given in column 1 below and is accompanied by
analyses of similar rocks:

- Analyses of minette and related rocks.

l 1 ! 2 3 4 5 6
52.26 50. 81 40.71 50. 41 41.57
13.96 15.13 19.46 12.30 9.75

2.78 2.40 7.46 5.71 4.08
4.4 3.52 6.83 3.08 4.47
8.21 10.64 6.21 8.6 8.65
7.08 4.9 11.83 7.08 11.10
2.8 1.01 1.80 .97 1.87
3.87 7.01 3.28 7.53 6.10
1.34 3.07 1.53 1.80 2.3
Y-~ 3 RN E .48 1.54

- .58 L7l )......... 1.47 2.36
.49 | Trace. M eenee.... 1.2¢
.52 62 ......... 48 4.08

14| Trace. 18 .15 ]

b 1) PR I - 4“
........................................ 1
100.25 100.88 100.01 100. 42 a 99.90

cIncludlanrO,om ,CLOOL F 0.3, Cry0s 004 NIO 002, V101 0.04, Fo 008, and deducting 011 O fo F, I
2 Sm'ﬁl e he?ka Little.g:ifxounNGzrﬁont W.;uﬁamebnnd analyst; rock described by L. V. Pirsson, U. 8. Geol. Survey
“‘f‘f&ﬁnﬁiﬁ'{: ” bnmd near Dresden, Saxony, B. Doss, analyst; Min. pet. Mitt., vol. 11, p. 27, 1990,
 Minette, Franklin L. G. Eakins ; desoribed By J. P. lddings, U 8. Geol. Survoy Bull. 150, p. 228, 18
5 Byenitlc lnmpwphyn Two Butm Colo. W.F. llg analyst; d W Crom, our. Geology, vol. 14, . 165, 1006.
Apatite te, northwest bank Columbia River, opposm Northport, Wash, Wr Hillebrand, analyst; described by F. L. Ransome,
Am. Jonr 8ci., 4thser » vol. 26, p. 337, 1908,

Analysis No. 1 shows low silica and alumina, corresponding to the dominance of biotite;
potash is strongly in excess over soda; and phosphoric acid is very high, in agreement with the
abundance of apatite. The decomposition of the pyroxene and especially the infiltration of
calcite account for the high carbonic acid. It must be assumed that the biotite is rich in
magnesia, and probably a large part of the titanic acid is to be found in the mica, as no
ilmenite or titanite has been detected.

A comparison with other.analyses of minette, after all due allowance has been made for
the calcite present, shows the Apishapa rock to be unusually femic. While good analyses of
minette are rare, the few found in literature are of rocks much richer in silica, alumina, and
magnesia. None of those cited is so comparatively rich in potash. The Colorado rock has
also a larger amount of titanic acid than the others. It is exceeded in phosphoric acid con-
tents only by the apatite-rich minette of Washington (No. 6). The Washington rock is also
rich in titanic acid, and it seems not improbable that these two minettes were, when unaltered,
closely allied rocks.

In general mineral and chemical character this minette is about as closely related to the
peculiar lamprophyric rock (prowersose) from Two Buttes, Colo. (No. 5), as it is to any of the
analyzed minettes. That rock is richer in orthoclase and diopside and poorer in biotite than the
minette. It has also much less normative apatite and ilmenite. The Two Buttes rock was
described as ‘‘a syenitic lamprophyre allied to minette.”

Classification.—The described characters of this rock clearly place it under minette in the
qualitative system. It was no doubt originally an augite-bearing minette, though perhaps
approaching the pure biotite variety. The rarity of minette free from augite or hornblende
has been commented on by Rosenbusch.

The position of this rock in the quantative system may be approximately determined in
spite of its high content of carbonic acid, for, as has been pointed out, the greater part of the

1 Rosenbusch, H., Mikroskopische Physiographie der massigen Gesteine, 4th ed., p. 668, 1207.
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calcite is not due to decomposition of rock constituents. The norm and systematic position of
the rock are as follows:

Norm and systematic position of minette from Apishapa quadrangle, Colo,

S 338 | Clase: pmf228 ) 11, salfemane, TIL.
C..oil i .
en........... 170 L 0 .
f0 ... 9. gg Order: = m=0, perfelic, gallare, 5.
mt.......... .
bhm......... 9.28
il........... 866 Rang: Oétgw=%§= o, peralkalic, 1, orendase.
ap.......... 9.07
80. 46 | Subrang: 20’ _84 i .

Cal(gite ....... 14 30 Tang Na,0/=12 5.33, dopotassic, (1) 2 (unnamed)
H,0,etc.... 5381 o mbol: TIL5.L(1)2.

100. 14

Unless more soda has been removed than there is discernible reason to suppose this is one
of the most distinctly potassic rocks known. But the degree of alteration, as well as the transi-
tional position of the rock shown by the ratio K,0:Na,0, renders it inappropriate to name
the subrang from this occurrence. The minette from Washington (No. 6) contains both nephe-
lite and leucite and a large amount of diopside in its norm. It seems evident that the Apishapa
rock may have contained so much pyroxene that normative lenads would have appeared if
the analysis had been made on fresh material.

AUGITE MINETTE AND TINGUAITE.

Mica Butte, situated west of Apishapa River, in the southern portion of the quadrangle,
is traversed by an east-west dike, the single specimen of which at hand exhibits two distinct
rocks, one cutting the other in very intricate fashion. No recorded observations give further
data on the field relations. The specimen consists chiefly of a brown, fine-grained, plainly
biotite-bearing rock, much brecciated, and penetrated by dull pale-green tongues of apparently
crystalline character. A poikilitic fabric is indicated in both parts by the cleavage luster of
large feldspar grains, some nearly 1 centimeter across. The chadacrysts?! are irregularly dis-
tributed through the orthoclase and all other primary constituents occur in this manner.

From the name given to the butte where this dike occurs it may be inferred that biotite
is developed in much of the rock in larger crystals than in the specimen. The green material,
of tinguaitic character, is so different from the minette that some considerable development
must also be assumed for it. ’

Under the microscope the minette part of the specimen is found to consist of biotite, augite,
alkali feldspar, apatite, magnetite, and brown glass. Fresh feldspar grains of various sizes
inclose many augite and apatite needles of perfect crystal form and wholly irregular orientation.
Some of the augite prisms betray the presence of the @girite molecule by color and pleochroism
but retain a large extinction angle. Smoky glass acts like the feldspar as matrix for the other
minerals in many spots. Titanite is present in a few large grains penetrated by apatite needles.

This augite-bearing minette gives reason for the suppositon that the altered prismatic
mineral of the other minette described was augite, but the latter rock is much richer in biotite
than the specimen from Mica Butte. "

The tinguaitic material, injected in fine veinlets all through the minette, varies greatly in
texture and in the degree to which it is mixed with the minette minerals, especially biotite.
Some narrow arms are coarse grained and consist of alkali feldspar, sgirite, apatite, titanite,
magnetite, and glass. In such parts the sgirite occurs in irregular bunches or interstitial
grains between the larger and more abundant alkali feldspars.

1 Chadacrysts are the crystals or grains inclosed in the oikocryst, or *‘host”’: Iddings, J. P., Igneous rocks, vol. 1, p. 202, 1909.
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In other tongues there is a felt of segirite needles in a fine granular mass of feldspar, and
here augite of the same habit is more or less mingled with segirite, as is also more or less biotite,
in minute flakes. Sodalite or noselite in regular crysta.ls is variably developed in some veinlets.

'While this occurrence of tinguaitic character is worthy of note, the lack of observations as
to its occurrence and the inadequate material at hand for its study make further description
at this time undesirable.

OLIVIN’E-BEA.BING AUGITE VOGESITE.

Description.—The most abundant variety of these Apishapa dike rocks is made up princi-
pally of augite, olivine, magnetite, apatite, and a colorless matrix, which in most rocks consists
mainly of alkali feldspar but in some is in part a glass. Biotite is & very common and brown
hornblende an occasional constituent of small quantitative importance. All these rocks appear
to be domafic! in general character, but the analysis of a typical rock of this group shows that
the salic molecules actually predominate in the norm and they probably do so also in the mode.

Most of these vogesites are dopatic or-perpatic microphyres, megaphenocrysts of olivine,
augite, or biotite being rare. Both olivine and biotite sporadically reach dimensions of 1 centi-
meter or more. Under the microscope it is seen that olivine is commonly and augite occasion-
ally developed in prominent phenocrysts. But the porphyritic texture is locally obscured by
the seriate development of augite from the largest to the minutest particles. In a few specimens
white grains of analcite are conspicuous, but these are believed to be the filling of small vesicles,
and though possibly formed immediately after the consolidation of the magma, the analcite is
not properly & phenocryst.-

Augite is the most abundant constituent of these rocks possxbly exceeding 35 per cent in
some dikes. It is pale green in color, prismoid in form, and generally of euhedral or subhedral
development. In size it ranges from microphenocrysts several millimeters long to minute
particles requiring a high-power lens for their identification. It is.almost invariably unaltered.

Olivine was probably present in all these rocks, and in many of them it is still fresh, but
in a few it is entirely altered to a chloritic or pilitic aggregate. . Biotite is seldom lacking among
the minute particles of the groundmass, and here and there hornblende of similar brown color
is associated with it.

The brownish color of the base in some rocks is found by high magnification to be due
mainly to minute scales of biotite or short prisms of hornblende, and in others it is caused by
ferritic globulites. Both hornblende and biotite may be developed in equant gra.ms of similar
appearance. Magnetite occurs in many small and nearly uniform grains, but is less abundant
than might be expected in such basic-looking rocks. Apatite is variable in amount but is
unusually abundant in most dikes.

The felsic? element of these rocks plays the part of a base holding the mafic constituents.
It is holocrystalline in a few rocks, partly crystalline in some, and almost or quite hyaline in
others. In the most distinctly crystalline form it is anhedral and granular and consists of
apparent alkali feldspar having a refractive index always distinctly less than that of balsam.
More commonly the base exhibits but faint polarization and has a pale-brownish color when
examined with low power. Under high magnification the mass often appears fibrous, the
fibers being outlined by pale-brownish globulites between them.

The rock of this group, of which an analysis is given on page 22, is represented in Plate V.
Plate V, A shows the appearance in ordinary light. Olivine in large crystals is represented by
white areas having a rough surface. Augite is developed in clouded prisms corresponding to
the olivines in size and also in many small prismoids and grains. The white irregular base is

1 Mafic applies to the whole group of ferromagnesian minerals developed in rocks and to rocks in which such minerals dominate. It is distinct
from femic, which applies properly only to normative nonaluminous ferr lecules. Cross, Iddings, Pirsson, and Washington, Jour.
Geology, vol. 20, p. 561, 1912,

8 Felsic, a term complementary to mafic, has been proposed for the group of modal feldspar, feldspathoids, and quartz, to which the normative
term salic is often incorrectly applied. Cross, Iddings, Pirsson, and Washington, icem.
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alkali feldspar, some of the radiating and branching groups of needles being visible in the center
of the figure. Biotite is here very subordinate and its small flakes can not be distinguished
from magnetite in the photograph.

Platc V, B brings out the rather prominent bundles of alkali feldspar needles and the
irregularly granular, a.msotropw character of the rest of the white base of Plate V, A.

In a few of these augite vogesites there is some isotropic or very faintly pola.nzmg substance
that plays the same textural part as the feldspar aggregate of the rock illustrated by Plate V.
Some alkali feldspar accompanies this base, which is supposed to be glass. It is clouded by
minute brownish particles. )

In several rocks there is also another isotropic substance, of dusty appearance and low
refractive index, which is usually assocmted with chlorite and calcite and is believed to be
secondary analcite.

Indications of pla.gxoclase are entxrely lacking in most of these olivine-bearing a.uglte
vogesites. Nephelite is possibly present in small amount in the very fine grained base, which
consists largely of alkali feldspar, but it nowhere assumes a distinctly recognizable form.

Chemical composition.—An analysis of a fresh typical olivine-bearing augite vogesite is given
in column 1 below, together with analyses of chemically analogous rocks, for comparison.

Analyses of olivine-bearing augite vogesite and related rocks.

T .
! 1 2 3 4 ] [ 7
44.31 44,30 44.87 43.64 42.80 44.68 44,52
14.10 13.12 14.05 13.12 12.49 12.97 14.28
4.75 4.19 2.03 6.40 4.32 3.84 6.36
6.02 7.38 7.7 5.52 6.08 7.56 5.39
7.80 9.54 8.87 9.36 7.62 9.35 7.13
9.66 9,85 9.76 9. 52 10. 43 882 10.20
3.74 4,17 4,65 3.89 4.33 4.4 3.76
2.8 222 2.31 2,18 2.7 2.78 2.5%
3.2 1.96 .62 .49 4.92 .69 } 3.5
B:.: 3 PP T e .16 |ceee...... .48
2.10 2.40 4.7 4.55 2.36 2.76 2.04
.53 .93 . " L7 1.10 .56
.10 1% < 3 ISR PPN AR N,
.18 1S 7 R ISl P
.10 Y .
.10 B R e PR
100. 49 9.85 599.71 100.36
b 7 LI 0 2 .05
100. 44
a Including Coy, 0.16. b Including CryO,, 0.01, and NIO, 0.26.
vogesite, dike south-southeast of Dripping 8 Apishapa quadrangle, Colo. Analyst, George Stdger
2 Fel &u a ﬂshstom{. Meissner, Allendorf, H mngmm F. Beyschlag, Eriiuterungen zur geologischen Spezialkarte von
tt All
te, p aéau, Bayrischer Wald, Bavaria. Analyst, G. Vervuert. Described by A. Frentrel, Geogn. Jahresheften, vol. 24,
P 152, mn

. Nephelite hasanite, La Garrinada, Olot, Spain. Analysis and description by H. 8. Washington, Am. Jour. 8cl., 4th ser., vol. 24, pp.
e ‘oimcm basalt, Hertinghausen, Hesse-Nassau, Germany. Analyst, Dittrich. Described by R. Bernges, Neues Jahrb., Beil. Band 31,
P O Jasait (trachydolerite, verre: Fjeid voloano, Bock Bay, Spltsenbergen. Analyst, Dittrich. Described by V. M., Geldschmidt, Viden-
skapsselsk. 8kr.-naturv. K1., 1911, No. 9.
28, 1, ephlite basanlie “Jesserken Berg, Bohemian Mittelgebirge. Analyst, C. Fr. Eichleiter. Described by G. Irgang, Min. pet. Mitt., vol.

The agreement in chemical character among these rocks is notable, yet the names assigned
to them show how greatly the conditions of consolidation affect the mode. The seemingly
small variations of the different oxides have in fact an important effect on the normative or
potential mineral character of these magmas, as appears from the table of norms given below.
Titanic acid is notably high.

Classification.—The norms of the rocks whose analyses have been quoted will be found
in the table below. Those for the cited rocks of this and succeeding tables have been calculated

by H. S. Washington.!

1 Dr. Washington has kindly given me free access to the extensive material he has complled for a new edition of his invaluable tables of rock
analyses, now nearly ready for publication.
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B.
PHOTOMICROGRAPHS OF ANALYZED AUGITE VOGESITE.

A, With one nicol; B, with crossed nicols. Magnified 51 diameters.
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Norms of olivine-bearing augite vogesite and related racks.

1 2 3 4 5 6 | 7

16.68 12.79 13.34 127 16.12 16.68 15.57
7.60 10.74 7.07 15.58 7.86 9.96 10.48
13.07 10. 56 10.84 11.85 6.95 7.51 14.18
13.20 13.49 17.46 11.08 15.34 13.92 11.64
25.32 24.12 28.23 2.76 26.46 2.12 25.68
8.08 13.25 9.78 8.68 6.81 13.66 4.93
6.96 6.03 3.02 4.64 6.26 5.57 9.23
4.00 4.56 8.97 %g 6.38 5.32 3.95
LA 2.35 l 67 1.68 4.02 2.60 1.34

The position of the Apishapa rock (No. 1) in the quantitative system is determined by
the following data: -

Sal _ 50.55
Class: m=m=l.ll =I1I, salfemane.

L_13.20 _
Order: F=m=0.376—6, portugare.

Rang: —K%-a*g—a’g=—g—§—=l.936=2’, monchiquase.
Subrang: No,00 = %—‘1)— =0.49 =4, monchiquose.

The other rocks have the following symbcls:

2....11L.6.2.4 4....TIL.6.2°4 6....111.6.2.4
3....T11.6(7).2.4 5....I11.¢/.2.4 7....111.6.2(3Y .4

The Apishapa rock comes well within the central parts of the salfemane class and its lendo-
felic order, portugare. It is domalkalic but intermediate toward the alkalicalcic rang limburgase.
As to subrang it is dosodic but intermediate toward the sodipotassic shonkinose. With regard
to the femic elements it is dopolic, prepyric, premiric, and premagnesic, and in these respects
the rocks compared with it are closely analogous.

In the mineralogic or qualitative system the Apishapa rock must be called an olivine-
bearing augite vogesite, for it has no plagioclase. Manifestly its feldspar is highly sodic and
hence the rock is not a typical vogesite.

Bearing the name vogesite, the Apishapa rock parts compary with its chemical analogues
so far that no suggestion of close similarity with them is conveyed by their current names.

Comparison of norm and mode.—In the vogesite from Colorado norm and mode do not agree
at all closely in some important respects. That rock is purely of an alkali feldspar type, yet
it has more normative anorthite than most of the chemically analogous rocks containing plagio-
clase. It has a large amount of normative nephelite but little in the mode, while the reverse
is true of augite and olivine. No doubt the augite contains much of the lime and alumina of
the normative anorthite, and the abnormative amounts of olivine and augite release some
silica, which presumably served to decrease the nephelite and increase the albite of the rock.

It is interesting to note that the rocks compared with this vogesite also exhibit differences
of norm and mode. The basalt of the Meissner (No. 2) is a well-known rock cited by Rosen-
busch, Zirkel, and others as typical of the doleritic basalts of intersertal texture, without mention
of nephelite as a constituent. Beyschlag, however, notes that among the petrographers who
have studied the Meissner basalt Senft and Méhl have reported nephelite, a determination which
he regards as requiring confirmation. The quoted analysis of the Meissner basalt seems clearly
to be the most reliable of those cited by Beyschlag, but he unfortunately gives no special descrip-
tion of the material analyzed. Alkali feldspar is present, though not in large amount, in a
section of rock from the Meissner given to me many years ago by Prof. Zirkel, but I have not
been able to find nephelite in it. The norm of the Meissner basalt shows that it has potential
nephelite, and if conditions in some parts of the mass were favorable to its development nephelite
might well assume locally an important réle. -
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The essexite (No. 3) of the above table has abundant andesine, though its normative
anorthite is less than that of the vogesite. In spite of the name essexite Frentzel does not
mention nephelite as a constituent, although 17.46 per cent is shown in the norm. The nephelite
basanite of La Garrinada (No. 4) has abundant labradorite and some nephelite, but orthoclase
is not mentioned by Washington. The leucite basalt (No. 5) has so much glass that its holo-
crystalline mode can not be safely inferred, but its abnormative leucite is certainly not due to
low silica or high potash contents.

The basalt of Bock Bay (No. 6) appears from the full description of Goldschmidt to have
nephelite in its groundmass, though in particles so minute that he regards the determination
as questionable. Although containing practically the same potash and more soda than the
vogesite, this basalt has no determinable alkali feldspar. Withless lime and much less normative
anorthite than the vogesite, it has considerable plagioclase, richer in soda than in lime.

The nephelite basanite of Jesserken Berg (No. 7) presents curious relations of norm and mode,
particularly when compared with the vogesite (No. 1) and the basalt of Spitzbergen (No. 6).
It is a sanidine-bearing nephelite-hauyne basanite with oligoclase as its lime-soda feldspar, yet
it has nearly twice as much normative anorthite as the basalt from Spitzbergen and is not so
rich in the alkali molecules. It agrees closely with the vogesite in chemical composition but
has both plagioclase and lenads much more prominently developed.

HORNBLENDE-AUGITE VOGﬁBITE.

Description.—A group of vogesites differing but little from the group just described in
megascopic appearance is characterized by an abundance of camptonitic brown hornblende,
equaling or exceeding augite in amount, with biotite of the same brown color, and a variable
development of plagioclase, which is always subordinate to alkali feldspar. Olivine is or was
a constituent of less importance than in the other group, and it is commonly decomposed to a
pilitic aggregate, while the other mafic silicates are fresh. Apatite and magnetite are abundant.

Some of these vogesites are unevenly panautomorphic, granular except for the alkali
feldspars, and so coarse that their texture can almost be recognized by the unaided eye. Others
are microphyres, and in these hornblende and biotite are chiefly or wholly in the groundmass,
while a part of the augite appears in distinct microphenocrysts along with olivine.

The mafic silicates predominate somewhat, but feldspars are more abundant than they seem
to be, because of the occurrence of the alkali feldspars as the matrix. Plagioclase is mcst com-
monly developed in stout crystals of imperfect form and is labradorite or andesine.

Analcite oecurs in round phenocrystic grains and some of it seems as if it might be primary,
but this is questioned because small pores of the same size containing chlorite, calcite, and
sometimes analcite are present in the same rocks.

Plate VI reproduces photomicrographs of the hornblende-augite vogesite of which an
analysis is submitted below. This rock came from a dike 3 miles west of the upper end of
Apishapa Canyon and east of Mica Butte. Plate VI, 4, taken in with one nicol, shows the general
texture very well. The large prism to the left of the center and nearly all other prisms and
grains of the same shade of gray are augite. Many darker-gray crystals are brown hornblende,
which is intergrown with augite at one end of the large prism and in many other crystals. Three
decomposed olivine crystals appear near the center. Biotite is very subordinate in this rock.
The black grains of Plate VI, A, are all magnetite, and several long needles of apatite appear in
the left-hand portion. The feldspathic base is resolvable only in polarized light between crossed
nicols. Plate VI, B, brings out the multiple twinning (albite and pericline laws) of a stout crystal
near the upper border, and albite twinning appears in a few other grains but is less easily distin-
guished in the illustration. Some clear alkali feldspar needles, which are also visible in 4, appear
more sharply defined in B, lying in a fine aggregate of feldspathic character.

Chemical composition.—The augite-hornblende vogesite of a dike 4 miles west of Apishapa
Canyon has the composition given in column 1 on page 25, according to an analysis by George
Steiger. Analyses of some of the most closely allied rocks are given for comparison.
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B.
PHOTOMICROGRAPHS OF ANALYZED HORNBLENDE-AUGITE VOGESITE.

A, With one nicol* B, with crossed nicols. Magnified 51 diameters
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Analyses of augite-hornblende vogesite and related rocks.

1 2 3 4 5

43. 49 43.58 | ° 50.35 4.2 44.82
12.76 11. 46 15.76 13.98 14.06
5.92 3.40 2.32 3.19 4.58
5.18 9.13 7.30 8.41 .
9.23 10.80 7.40 8.03 8,60
10. 34 9.88 10.12 9.79 9. 56
2.40 2.18 2.75 3.68 3.69
2.5 2.13 3.%9 2.35 2.30
3.05 2.40 .45 .76 .30
1.88 AT e .12 .05

88

Auglto-homblande v?oslte Apisha) le, Colorado.
2. Limburgi on, vV , Australia. Skeats and Summers, Geol. Survey Victoria Bull. 24, p. 28, 1912,
3. Ouvlne momon Fa.hlun, Sweden. Analyst, L. Schmelck. Described by W. C. Brigger, ie Eruptivgesteine Kristiania-

gebietes, vol. 2, p. 46, 1895.
233—4. Nephelfte bmnm, Cruzeat, south of Olot, Spain. Analysis and description by H. S. Washington, Am. Jour. 8ci., 4th ser., vol. 24, pp.
5. fiephema basanite, Montsacopa, near Olot, Spain. Analysis and description by H. S. Washington, loc. cit.

This type is more basic than the vogesite described above, having less silica, alumina, and
alkalies and more magnesia and lime, but these differences are not enough to obscure the general
simila.rity of the two rocks. The cumulative effect of the differences is best appreciated by a
comparison of the norms of the two rocks.

C*lasnﬁoanon —The norms of the hornblendic vogesite and the correlated rocks are as

follows:
Norms of augite-hornblende vogesite and related rocks.s

1 2 s oy 5
1
15.00| 1223 28| 1390 13.34
1.00 | 13.10 1m0 9.4 |. 1415
16.40] 1529 13| 13 15.01
5. 11 284 65| 1164 9.37
24| 2199 26| 24.28 21.86
048 17.79 11| 9.73
& 58 487 35 4.64 6.73
305 6.38 .6 7.75 . 8.08
178 2.35 1o 1.34 1.68
4. 79 96. &4 100. 4 98. 82 99.93
5.62 2.87 .5 .88 .35
100.41| 9o.71| 100.9| e9.70] 100.28

a The norms of Nos. 2 to 5 are as calculated by Dr. Washington. Nos. 4and 5 differ slightly from those originally published by him (loc. cit.).

The position of the vogesite in the quantitative system is indicated by these data:

Sal  47.52
Class: Fom —47.27 =], 4+=III, salfemane.

L 5.11
Order: =547 ==0. 120+=>5(6), portugare-gallare.
Rang: K,,(Y-Ci-al(‘lya,O’ =gp=1 12=3, camptonase-limburgase.
KO 27

Subrang: W———=0 69=3’, ourose-kentallenose.

The symbols of the analogous rocks are:

2.... TIL &. 3.3(4). 4.... IIL. 6.(2)3.4.
. 1II. 5(6). 3.3. 5.... 111/6.(2)3.4.
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The Apishapa rock is near the center of the salfemanes and by its low nephelite falls in the
perfelic order gallare, but it is transitional to portugare, in which the hornblende-frea vogesite
comes. Through low alumina and consequent lower anorthite this vogesite is alkalicalcic
and through less preponderant soda it is sodipotassic.

Kentallenose and ourose have even fewer known representatives than monch.lquose and
the Apishapa rock has few very close analogues, as the above table shows.

The motex ! of this rock places it in the mineralogic system as a lamprophyre of dominant
alkali feldspar with hornblende, augite, and olivine as its mafic silicates. By the appearance
of plagioclase the rock approaches the monzonitic series of lamprophyres.

Comparison of norm and mode.—In this rock, as in the olivine-bearing vogesite, the most
notable discrepancy between norm and mode is in the lime feldspar. With 16.4 per cent norma-
tive anorthite the rock has but little plagioclase, while its nearest chemical analogues are char-
acterized by plagioclase.

OLIVINE-PLAGIOCLASE BASALT.

Description.—The basalts of the Apishapa quadrangle are dark, dense rocks, differing
from the vogesites because of their more distinctly crystalline appearance, due to the develop-
ment cf feldspar. ~Yet these rocks are so fine grained that only a few crystals of olivine, augite,
or plagloclase can be clearly recognized by the unaided eye even in the coarsest specimens.

The microscope shows that the olivine, a.uglte plagioclase, magnetite, and apatite have a -

development like that most commonly found in typical basalts of dense and nearly holocrys-
talline texture. Olivine exhibits a tendency to form small phenocrysts, while augite and
plagioclase are less commonly prominent in this way. But a seriate gradation from largest
to smallest grains diminishes or destroys the porphyritic appearance. The ophitic relation of
plagioclase and augite is seldom pronounced.

Biotite in small leaves is sparingly present in some of these basalts. Brown hornblende
has not been noted. The interstitial feldspar is orthoclase or an alkali feldspar containing
both potash and soda. In some dikes this alkali feldspar is almost lacking and in others it has
a development similar in character though not in importance to that in the olivine-bearing
augite vogesite. Glass is present in some dikes in clear colorless areas penetrated by mineral
grains or prisms, but does not assume the réle, common in basalts, of a base of smoky color
and globulitic interpositions.

Plate VII, A, represents the appearance of the basalt of which an analysis is given below,
as seen in ordinary light. The large phenocrysts of rough surface are olivine. Augite appears
only in the prismoids and grains of much smaller size but forms a large part of the rock. The
interstitial white areas represent abundant plagioclase laths and irregular grains of plagioclase
or alkali feldspar, which are not readily distinguished except when seen in polarized light. The
greater part of the black areas represent dark-brown biotite and the remainder magnetite.

Plate VII, B, represents the same area as seen in polarized light, the plagioclase laths
being here much more distinct.

Chemical composition.—The chemical analysis of the basalt is given in the subjoined table,
together with those of the nearest chemical analogues of which I have found mention:

T Motez is o convenient term by which to refer to the mode and texture of any rock. Bee H.B8. Washington, Am. Jour. 8ci., 4th ser., vol. 24,
p. 230, 1907,
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B.
PHOTOMICROGRAPHS OF ANALYZED PLAGIOCLASE BASALT.

A, With one nicol; B, with crossed nicols. Magnified 51 diameters.
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Analyses of olivine plagioclase basalt and related rocks.

1 2 3 4 5 6
44.64 44.29 44.78 45.80 43.76 45.15
12.82 12.62 1276 |  13.41 11.58 12.83
3.64 3.61 b.42 6.89 4.39 5.26
8.34 8.84 8.34 5. 60 7.57 6.88
10.05 10.08 10.17 12.82 12.97 11.35
10.09 9.3 10.23 9.91 9.64 9.97
3.39 3.25 3.56 8.57 3.03 2.90
1.78 1.82 1.81 L4 1.84 1.76
1.20 .21 1.42 .47 .32
.36 .09 . .29
..................... 38 f.........

) 2.65
.57 .3

........... .05
202 | L

JOSON ISUURINY IRRIRSRON INRERDUIN IETRTRRR IR Joi

(e) .16

208 | DD

S04 | I TR

%.57| 99.68 100. 36

a Not determined.

1. Olivine-plagioclase basalt dike 8 miles east-northeast of North Rattlesnake Butte, Apisha) uadrangle, Colorado. Analyst, George Steiger.
vl 224 Ne%hﬁﬁt:; mtglmmu, Las Planas, south of Olot, Catalonia, Spain. Analysis and descrip %y H. 8. Washington, Am. Jour. Scl., 4th ser.,
‘3. Basalt, Hiinenberg, Blatt Melsungen, Prussia. Analyst, Steflen. Described by F. Beyachlag, Erliuterungen gur geologischen Spesialkarte
von Preussen, Blatt Melsungen, P 20, . -
4. Basalt, Wostray, near M eschau, Bohemia. Annlm. Hanamann. Cited by J. E. Hibach, Min. pet. Mitt., vol. 24, p. 274, 1905.
3 ahrsﬁ Bas;sl%)(l%?;umi 71140;'9{)({ 1905-8, Bavaii, S8amoan ds. Analyst, Heuseler. Described By A. tach, Preuss. geol. f.andesanstalt
.y VOI. y P y
6. t, Mount Camperdown district, Victoria, Australia. Analyst, A. A. Topp. Rock described by H. J. Grayson, Geol. Surve;
Vietoria Mem. 9, p. 2, 1010, 0* ’ ’ b PP ! v

The basalt of the Apishapa quadrangle has a composition similar to that of the vogesites
but is slightly richer in magnesia and richer in soda relative to potash. The total of the alkalies
is high and the silica low for an average feldspar basalt.

Classification.—The norms of the basalt of the Apishapa quadrangle and the analogous
rocks are as follows:

Norms of olivine-plagioclase basalt and related rocks.

1 2 3 4 5 o
| "10.36] 1.12| 1056 8.34| 112 10.56
Coa2s8| 20| 67| B0 8.1 14.67
wis| 18| 16| 1612] 127 16.96
8.52 6.82 8.24 9.37 8.80 5.40
58| 2202| 2106| =8| 2541 2.14
16.24] 1410| 1se| 11818| 7.7 15.75
5.34 5.34 7.89 9.98 6.50 7.66
3.80 0.42 3 I 6.54 5.2
2.12 134 2.13 10l 1.01 1.68
7.%7| 90.54| w9r.24| 97| oR8e 99.84
1.56 a7 3.54 -00 L4 ]
90.36 | 100.01| 100.78| ©90.97| 100.00| 100.4

The quantitative classification of No. 1 is shown by the ratios cited below:

. Sal 45.84 ;
Class: m=m=0.881=111, salfemane.

.L_ 852 _
Order: F=37.35—0-228="6, portugare.

Rang: _K_’O'C%g,"_ol=g=1_45=’3, limburgase.

Subrang: %’;=;—g=0.345=4, limburgose.

The symbols of the rocks express the degree of normative resemblance between them.

1.... II1.”6. 3.4 3.... IIL.”6.(2)3.4. -+ 5.... II1.6.(2)3.4.
2.... II1.(5)8."3.4. 4.... II1.6.3.4. 6.... IT1.5(6).3.4.

37183°—15——3
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The classification by motex places the Apishapa rock among the olivine-plagioclase basalts.
That it is not a typical feldspar basalt is shown in the discussion of norm and mode.

Comparison of norm and mode.—While the mode of the basalt of the Apishapa quadrangle
is more nearly normative than those of the associated vogesites, in that anorthite is at least
more fully developed in plagioclase, its norm contains a considerable amount of nephelite which
probably does not appear in the mode. This nephelite shows the basalt to belong potentially
with the nephelite basanites rather than with the common basalts falling in auvergnose or
camptonose. The potential significance of this normative nephelite is fortunately illustrated
in striking manner by the nephelite basanite of Las Planas (No. 2 of table), which is very near
to the basalt of the Apishapa quadrangle in chemical composition but has less normative
nephelite.

The basalts of Hiinenberg (No. 3) and Wostray (No. 4) are not described in detail in the
publications cited, but presumably they contain no recognized nephelite.

The lava of Matavuna volcano (No. 5) is, according to Klautsch, largely vitreous, but it
contains labradorite, both in small phenocrysts and in microlites. Klautsch points out a
chemical similarity between this Iava and the nepheluute of Katzenbuckel and the nephelite
basanite of Hundeskopf.

The basalt of Mount Terang (No. 6) is also largely glass, but shows some augite and feldspar.

SODIC DIABASBSE.

Three dikes of the Apishapa quadrangle have a general diabasic character in that the
specimens from them are largely augite-plagioclase rocks with ophitic texture more or less
distinctly developed. They are of very simple mineral composition, and their principal char-
acteristic is the highly sodic character of the plagioclase. This appears to be oligoclase or
oligoclase-albite, no andesine or labradorite Jhaving been noticed.

The rock nearest to common diabase in texture forms a dike 7 miles south-southea.st of
Dripping Spring. It is a gray fine-grained ophitic rock in which the fabric is more evident to
the unaided eye than in any other dike of the quadrangle, yet few of its largest feldspar and
augite crystals exceed 1 millimeter in length. The plagioclase crystals are more nearly eubedral
than the augite crystals and often penetrate them, but the augite grains are not large enough to
emphasize the ophitic fabric.

Plagioclase predominates over augite, to which the other constituents, embracing biotite,
titaniferous magnetite, apatite, and probably some monoclinic alkali feldspar, are all decidedly
subordinate. Chlorite, calcite, and analcite (?) are the noteworthy secondary minerals. Of
these, chlorite seems to represent, in part, a former prismatic constituent, of much less abundance
than augite, which is tentatively thought to have been hypersthene, for augite does not undergo
visible alteration to chlorite in these rocks, nor does the brown hornblende of other dike rocks
of the region. Olivine is not present and the long prisms replaced by chlorite are of a form
not assumed by olivine in the associated rocks.

Plagioclase, the principal constituent of the rock, occurs in tablets of multiple alibitic
twinning, appearing very ‘‘dusty” in ordinary light, but it is really not much decomposed.
Its refractive index in most sections is near that of Canada balsam but is prevailingly lower,
and the maximum extinction from the trace of albite twinning plane is about 7°. It seems
probable that oligoclase-albite is the term best expressing the composition. Some monoclinic
alkali feldspar is probably present, but none was definitely identified. A colorless, isotropic
mineral of low refraction occurs in small amount, in association especially with calcite and
chlorite, and is referred to analcite.

One of these diabasic rocks forms a dike running east from the mesa 5 miles west of Dripping
Spring. It is similar in texture and grain to the rock just described and differs from it in com-
position mainly in the character of the plagioclase, which is more distinctly oligoclase. Biotite
and hornblende of the same deep-brown color are equally abundant, but are far subordinate to
pale-green augite.
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RELATIONS OF THE APISHAPA ROCKS TO THE SPANISH PEAKS.

The dikes of the Apishapa quadrangle belong to a great system of radial dikes, with
associated sills, which surround the Spanish Peaks, an eruptive center situated 25 miles south-
west of the border of the quadrangle. (See Pl. IV.) The rocks of this center and of the dikes
and sills, so far as they occur in the Spanish Peaks, Walsenburg, and El Moro quadrangles, have
been described in a general way by R. C. Hills, in the folios dealing with these areas. No
chemical analyses accompanied the descriptions by Hills. The description of the Apishapa
rocks and especially the four analyses presented in this paper indicate in some measure the
interest attaching to the rocks of this remarkable center of associated differentiates.” A sum-
mary of the data given by Hills will make this still clearer.

At the Spanish Peaks there are three great stocks penetrating Eocene beds. The rocks of
these masses are called by Hills granite porphyry, augite granite porphyry, and augite diorite.
The granite porphyry is described as containing abundant large phenocrysts of orthoclase and
quartz and some plagioclase. The groundmass is rich in quartz, partly in micrographic inter-
growth with feldspar, presumably orthoclase. No mafic constituents are mentioned as present
in this rock, but it grades within a narrow transition zone into the augite granite porphyry,
which is characterized by both augite and biotite. Augite diorite is a collective name for some-
what different rocks variably rich in augite, biotite, hypersthene, plagioclase, orthoclase, and
quartz.

On the map of the Spanish Peaks quadrangle Hills represents 240 dikes. A large and
perhaps equal number are said to occur in the unmapped area west of the center of eruption.
At 10 or 15 miles from the peaks begins a zone marked by thin sills of rocks like those which
occur in dikes, and in several places dikes and sills are visibly connected. In the Walsenburg
quadrangle 70 dikes and 20 sills were mapped, most of which belong to the Spanish Peaks
system. Ten dikes and several sills occur in the El Moro quadrangle, south of the Apishapa.

The dike and sill rocks are referred by Hills to five principal groups, which at their inter-
sections exhibit certain rather definite age relations. In the folio legends these groups are
designated ‘‘early monzonite porphyry” (76 dikes), ‘‘early lamprophyre” (10 dikes), ‘‘late
monzonite porphyry”’ (13 dikes), ‘‘late lamprophyre” (88 dikes), and ‘‘basalt” (34 dikes).

The monzonite porphyries carry both plagioclase and alkali feldspar in large amount. In
the earlier group the mafic constituents are augite and brown hornblende, while in the later
group these minerals are less prominent than biotite. Quartz is present in the groundmass of
some of the later porphyries.

The lamprophyres exhibit great variety in composition both as to feldspars and as to
mafic silicates. They range ‘‘from a near approach to the syenites, at one extremity, through
the hornblende vogesites and monzonites, to the camptonitic varieties, at the other.” A
basic variety of the earlier group, ‘‘containing but little hornblende, shows an abundance of
biotite, with more or less augite and olivine as phenocrysts, and magnetite in the groundmass.”
Some of the later lamprophyres are ophitic in fabric.

Under ‘‘basalt” Hills groups various rock types, some of which he says are nearly related
to certain lamprophyres through abundance of hornblende and biotite and the presence of
alkali feldspar. There are, however, some ‘‘normal basalts,” which constitute the only excep-
tions to ‘‘the general statement that alkali feldspars in varying proportions range through the
Spamsh Peaks rocks from one end to the other.” No minette is mentioned by Hills as occur-
ring in either one of the quadrangles surveyed by him. It is evident that the Spamsh Peaks
area is a rich field for detailed petrographic work.

DISCUSSION OF RESULTS.

It is clear that the chemical and mineral characters of the Apishapa dike rocks illustrate
some of the most puzzling and important problems of petrology. But while this is true, the
great complex of associated rocks at and about the Spanish Peaks must be thoroughly studied,
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with adequate chemical analyses of many types, before the significance of the facts observed in
this small number of rocks can be fully appreciated.

The Apishapa rocks have a considerable range in chemical composition, but very much less
than is exhibited in the great series to which they belong. Those analyzed are all low in silica,
but vary as to their bases from the potash-rich minette to a basalt with soda strongly dominant
over potash. Lime and magnesia are very prominent, and titanic acid appears to be one of
the notable chemical features. ‘

The mafic silicates, augite and olivine, are abundant in nearly all the rock varieties; biotite
is also common and is the leading constituent in the minette, and brown hornblende is strongly
developed in several types. Of the felsic silicates alkali feldspar is characteristic of the greater
number of the rocks and plagioclase is quantitatively important in relatively few.

The modal development of the rocks requires most of them to be classified in the current
system as alkali feldspar rocks. The vogesites are soda-rich, and so apparently are the dia-
basic types. Even in some of the basalts alkali feldspar is abnormally developed. The per-
sistence of alkali feldspars is probably the most notable modal feature of the whole series of
intrusive rocks about the Spanish Peaks.

The prominence of the alkali feldspars must undoubtedly lead petrographers accustomed
to refer all igneous rocks to either an alkalic or a calcic series to assign these rocks to the former
category. But even the small group in the Apishapa quadrangle has some basalts with little
alkali feldspar, and it seems altogether probable that the series ranges in fact from alkali-rich
rocks to those of normal basaltic character—that is, to rocks which are intrinsically equivalent
to typical basalts of the calcic, subalkalic or ‘‘Pacific series.” As has been pointed out in the
preceding pages, there has been some prevalent condition in the Apishapa region which has
brought the alkali feldspars into great prominence and obscured for most rocks their potential
anorthite. It is true of many rocks of the Apishapa quadrangle, and presumably also of the
large series about the Spanish Peaks, that they are not so strongly alkali-rich rocks as they
seem to be from their mode.

This brings us to the problems of greatest general and theoretical interest presented by
the rocks under discussion. It has been shown that the nearest known chemical analogues of
the vogesites and the associated basalt are for the most part rocks of notably different modes.
This is most striking in the case of the olivine-bearing augite vogesite. These rocks emphasize
anew the fact that for magmas of intermediate chemical composition, containing all the common
bases in considerable quantities, there is a great possible range in the minerals which may develop
on crystallization. Aside from the evident problems of classification under these circumstances,
there is the more fundamental question as to the genetic significance of the observed relations.
Are these facts capable of interpretation as expressing other definite natural relations, if not a
dependence of mineral upon chemical characters? Are the several mineral combinations possible
from such magmas as those of the Apishapa district due to conditions attending their differenti-
ation in various regions, or are they due to variable conditions of consolidation, or to both %

For the Apishapa rocks the point of most critical interest relates to the conditions that
prevented normative anorthite from entering into plagioclase, as it more commonly does in
rocks of similar chemical composition, and to the place at which these conditions were effective.
In the olivine-bearing augite vogesite 13 per cent of normative anorthite has been taken into
other minerals, most of it going undoubtedly into augite. Such entrance of anorthite molecule
into augite is common enough, but the conditions under which it takes place are not yet deter-
mined.

Inhis study of the variation in mineral composition of the rocks of Yogo Peak, Pirsson!shows
that in a series of rocks ranging from granite porphyry to shonkinite, lime and alumina enter
into augite apparently in proportion as magnesia acquires a molecular dominance over lime in
the magmas. In a shonkinite, with 9.2 per cent MgO and 9.7 per cent CaO, there is but 10 per
cent of plagioclase to 35 per cent of aluminous augite.

1 Pirsson, L. V., chapter on petrography in Geology of the Little Belt Mountains, Montana, by W. H, Weed: U. 8. Geol. Survey Twentieth
Ann. Rept., pt. 3, p. §67, 1800,
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Such a control by magnesia does not exist in the Apishapa rocks, for it is in the olivine-
augite vogesite with lowest actual and relative magnesia that the anorthite is entirely sup-
pressed and in the basalt with highest actual and relative contents in magnesia that plagioclase
is most abundant. Nor is it a question of the amount of normative anorthite, for the horn-
blende-augite vogesite, with 16.40 anorthite, has little plagioclase, while the plagioclase basalt
has but 14.18 anorthite, only 1 per cent more than appears in the norm of the plagioclase-free
vogesite.

Ignoring the disturbing effect of assimilation of foreign substances and assuming that the
formation of a series of magmatic differentiates in a given region is a result of certain forces,
known or unknown, characteristic of that region, we must also recognize that in the course of
eruption and crystallization these magmas come under the influence of pressure and temperature
differing from those of the site of deep-seated differentiation, causing more or less pronounced
reactions. When we consider also the possibilities of the absorption by the magma of various
potent substances while passing from one place to another, it seems scarcely overdrawn to say
that a magmatic solution may become the plaything of conditions quite unrelated to those of
the place of its origin, that these independent conditions may vary in one district from time to
time, and that they surely must vary from one province to another, when magmas of the same
chemical composition are involved.

‘When a large series of eruptions or intrusions of various differentiates has occurred in one
province it is conceivable that the conditions attendant on consolidation, though independent
of those regulating differentiation, may have been so constant as to permit the development
of some highly characteristic mineral features of the rock series. But the fact that conditions
of crystallization may vary in one region during a long series of eruptions and are not the
same, unless by fortuitous coincidence, in different regions where the magmas may have been
similar must lead to caution in extending over the whole world the generalizations that apply
to one area.






THE COMPOSITION OF CRINOID SKELETONS.
By F. W. CLaRkE and W. C. WHEELER.

INTRODUCTION.

That many rocks, now raised far above sea level, were once marine sediments and that liv-
ing organisms contributed to their formation are among the commonplaces of geology. It is
also known that radiolarians, diatoms, and sponges form siliceous deposits; that calcareous
rocks are derived in part from corals and mollusks; and that crustacean and vertebrate remains
are largely phosphatic. These facts are established in a broad, general way, but they need to
be studied in greater detail, so that the function of each class of organisms may be more exactly
known. An investigation of this kind is reported in the following pages. The special problem
covered by it was suggested by Mr. Austin H. Clark, of the United States National Museum, who
furnished the specimens for analysis.

EXISTING CRINOIDS.

In 1906 H. W. Nichols® published a number of analyses of marine invertebrates, and in
one of them, a crinoid, Metacrinus rotundus, from Japan, he found 11.72 per cent of magnesium
carbonate. This analysis attracted Mr. Clark’s attention, and at his request two other analyses
of crinoids were made in the laboratory of the United States Geological Survey by Chase Palmer,
who also found that they contained abundant magnesia. These analyses, which were published
and discussed by Mr. Clark,? will be considered in detail later. They at once suggested that
crinoids generally might be highly magnesian and so play an important part in the formation of -
magnesian limestones.

In order to settle this question Mr. Clark supplied us with 22 specimens of recent crinoids,
representing 19 genera and covering a wide range of localities. These were analyzed by Mr.
Wheeler, and the analyses confirmed the original supposition. All the specimens contained
magnesium carbonate in notable proportions but varying in a most remarkable manner. The
data obtained are in detail as follows, beginning with the list of the specimens studied:

1. Ptilocrinus pinnatus (A. H. Clark). Albatross station 3342, off the Queen Charlotte Islands, British Columbia.
Latitude 52° 39’ 30’/ N., longitude 132° 38’ W. Depth of water, 2,858 meters; temperature, 1.83° C. Mean of two
analyses.

;?e;'lommara asperrima (Clark). Albatross station 3070, off the coast of Washington. Latitude 47° 29’ 30’” N.,
longitude 125° 43’ W. Depth, 1,145 meters; temperature, 3.28° C.

3. Psathyrometra fragilis (Clark). Albatross station 5032, Yezo Strait, Japan. Latitude 44° 05/ N, longitude 145°
30’ E. Depth, 540-959 meters; temperature, 1.61° C.

4. Pentametrocrinus japonicus (P. H. Carpenter). Albatross station 5083, 34.5 miles off Omai Saki Light, Japan.
Latitude 34° 04’ 20’/ N., longitude 137° 57/ 30’/ E. Depth, 1,123 meters; temperature, 3.39° C.

5. Capillaster multiradiata (Linné). Albatross station 5137, Philippine Islands near Jolo, 1.3 miles from Jolo Light.
Latitude 6° 04/ 25’/ N., longitude 120° 58’ 30’” E. Depth, 36 meters; no temperature record.

6. Pachylometra patula (Carpenter). Albatross station 5036, Philippine Islands, North Balabac Strait, 15.5 miles
from Balabac Light. Latitude 8° 06” 40’” N., longitude 117° 18’ 45" E. Depth, 104 meters; no temperature record.

7. Catoptometra ophiura (Clark). Same locality as No. 6.

1 Field Columbian Mus, Pu). 111, p. 31. 3 U. 8. Nat. Mus. Proc., vol. 39, p, 487, 1911.
.
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8. Hypalocrinus naresianus (Carpenter). Albatross station 5424, Philippine Islands, 3.4 miles off Cagayan Island,
Jolo Sea. Latitude 9° 37/ 05/ N., longitude 121° 12/ 37”/ E. Depth, 612 meters; temperature 10.22° C.

9. Parametra granulata (Clark). Albatross station 5536, Philippine Islands, between Negros and Siquijor, 11.8
miles from Apo Island. Latitude 9° 15’ 45"/ N., longitude 123° 22/ E. Depth, 502 meters; temperature, 11.95° C.

10. Craspedometra anceps (Carpenter). Albatross station 5157, 3.3 miles from Tinakta Island, Tawi Tawi group,
Sulu Archipelago. Latitude 5° 12/ 30’/ N., longitude 119° 55’ 50’/ E. Depth, 32 meters; no temperature record.

11. Ptilometra milllert (Clark). Sydney Harbor, New South Wales, Australia. Latitude 33° 15’ S., longitude
151° 12 E., approximately.

12. Hathrometra dentata (Say). Fish Hawk station 1033, off Marthas Vineyard, Mass. Latitude 39° 56” N., longi-
tude 69° 24’ W. Depth, 329 meters; temperature about 7.8° C. '

13. Bythocrinus robustus (Clark). Albatross station 2401, Gulf of Mexico, southeast of Pensacola. Latitude 28°
38’ 30’ N., longitude 85° 52/ 30’/ W. Depth, 255 meters; no temperature record.

14. Crinometra concinna (Clark). Albatross station 2324, north of Cuba. Latitude 23° 10’ 35/ N., longitude
82° 20/ 24’/ W. Depth, 59 meters; temperature, 26.17° C.

15. Isqcrinus decorus (Wyville Thomson), stem. Off Habana, Cuba. Latitude 24° N, longitude 82° W., approxi-
mately.

16. Same as No. 15, arms. ‘

17. Endozocrinus parre (Gervais), stem. Off Habana.

18. Same as No. 17, arms. *

19. Tropiometra picta (Gay). Rio de Janeiro, Brazil. Latitude, 25° 54 8., longitude, 44° W., approximately.

20. Promachocrinus kerguelensis (Carpenter). Shores of the Antarctic Continent in the vicinity of Gaussberg.
Latitude 67° S., longitude 90° E., approximately. Depth, 350400 meters; temperature, —1.85°C. Salinity of water,
3.3 per cent.

21. Anthometra adriani (Bell). Same locality as No.20. Nos. 20 and 21 were collected by the German South Polar
Expedition.

In the following table the actual analyses are given. The symbol ‘‘R,0,” represents the
sum of ferric oxide and alumina, and ‘‘Loss on ignition "’ covers carbon dioxide, water, and organic
matter, the last being often very high. At the foot of each column the CO, calculated to satisfy
the bases is given. The deficiencies in summation are mainly due to inclosed or adherent salt,
an inevitable impurity, as was proved in the analyses of two samples, Nos. 15 and 17.!  Analysis
No. 1 is the mean of two concordant analyses of separate samples.

Analyses of crinoids.

! 1 2 3 4 5 6 7 8 9. 10 11
1.64 0.04 1.1 0.37 0.16( o0.12 0.04 0.07 0.40 0.15 0.17
1.07 .39 1.01 .71 .62 .63 .79 .09 .50 .19 .19
3.08 3.60 3.12 3.76 4.77 4,94 4.64 4.44 4.48 5.13 4.17

40.65 40.37 34.20 38.50 38.12 41.34 40.75 45.86 41.79 42.77 38.91

.11 .21 ? .40 . .43 .33 | Trace. | Trace. .11 .17

51.45 83.75 60.04 55.25 54.61 51.36 51.80 48.32 51.44 50.28 54.61

98. 00 98.36 99. 48 98. 99 98. 28 98. 82 98.35 98.78 98. 61 63 98. 22

35.28 35.48 31.37 34.01 35.19 37.51 36.81 4.7 37.77 30.17 34.90
12 13 14 15 16 17 18 19 . 20 21

3.17 0.40 0.04 0.03 0.09 0.04 0.15 0.02 0.02 0.2

.31 .31 .25 .07 .19 .2 .2 .35 .45 .37

2.49 4.56 4.75 5.08 4.70 5.09 5.04 4.51 3.02 3.27

26,12 47.08 41.78 45.67 42,77 45.42 43. 41 39.57 40. 68 42. 49

.23 Trace. Trace. Trace. | Trace? Trace. Trace. .10 Trace. Trace.

65.25 47.17 50.33 47.54 50.59 48.58 50.00 53.64 54.53 52.22

97.57 99.52 97.15 98.39 98. 34 99.33 98.96 98.19 98.70 98.58

2.73 41.93 38.00 40. 40 38.71 41.20 39.65 36.05 35.18 37.08

In order to make these analyses more instructive it is necessary to recalculate them into
such form as to show the composition of the true crinoid skeleton—that is, to eliminate the
highly variable organic matter of the original specimens. On doing this and recalculating to
100 per cent, we find that they assume the following form:

1 No. 15 contains 1.27 per cent of water-soluble salts and No. 17 contains 0.21 per cent. These raise the summations to 99.66 and 99.54 per cent,
respectively.
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Revised analyses of crinoids.

|

1 2 3 4 5 6 ) 7 8 | 9 10 1
0.05 1.57 0.48 0.21 0.14 0.05 0.08 0.47 0.4 0.21
.48 1.41 .91 .78 .74 95 .10 .59 .22 A
9.44 9.25 10.15 12.69 12.20 11.68 10.16 11.08 12.34 11.13
89.45 87.77 87.34 86.32 85.81 86. 46 89. 66 87.86 86.93 87.94
.58 | Trace? 1.12| Trace. 1.1 .8 | Trace. Trace. .27 .48
100. 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100. 00 100.00

12 13 14 15 16 17 18 19 20 21
5.73 0.42 0.08 0.03 0.10 0.04 0.17 0.02 0.02 0.28
.56 .33 .30 .08 .21 .21 .29 .43 .57 44
9.36 10.09 11.69 11.69 11.42 11.62 1.96 n.7 7.86 8.28
83. 47 89.16 87.96 88.20 88.27 88.13 87.58 87.51 . 91.05
.88 | Trace.| Trace.| Trace.| Trace?| Trace. | Trace. .27 | Trace. Trace.
100. 00 100. 00 100.00 100.00 100. 00 100.00 100.00 100. 00 100.00 100.00

With these analyses the two made by Mr. Palmer may be advantageously compared,
although they were not quite so elaborate. The data are as follows:

22. Heliometra glacialis var. mazima. Iwanai Bay, northeastern part of the Sea of Japan, latitude 43° 01/ 40/ N.
Depth, 315 meters; temperature, surface 20.5° C., bottom 1.5° C.

23. Metacrinus rotundus. Eastern Sea, off Kagoshima Gulf, southern Japan, latitude 30° 58’ 30/ N. Depth,
278 meters; temperature, surface 27.8° C., bottom 13.3° C.

In No. 22, which contained much organic matter, Mr. Palmer found 2.68 per cent MgO
(=5.61 MgCO,) and 40.03 CaO (=71.48 CaC0O,). In No. 23, with no organic matter, he found
4.89 MgO (=10.29 MgCO,) and 49.95 CaO (=89.19 CaCO,). Assuming that the crinoid skele-
tons consist esseantially of carbonates, and recalculating to 100 per cent, we have as the content
of magnesium carbonate in these crinoids—

No. 22, 7.28 per cent.

No. 23, 10.34 per cent.
These figures fit in well with the others and even by themselves suggest a relation between
temperature and the magnesia content of crinoids. In the following table the entire series is
arranged in the order of ascending MgCO,, with the accessory data as to latitude and locality
conveniently abbreviated. In this table the two analyses of Endoxocrinus are averaged together,
and so also are the two of Isocrinus.

Magnesium carbonate in crinoid gkeletons.

. D, T
No. Locality. Latitude. (m:t’:g). ture (°C. ). l;&cegf

22 | NorthernJapan. .. ... ... ... .. . iiiiiiiiiiiiaiiann. 315 1.5 7.28
20 | Antarctic. ... ..ol 375 -1.8 7.86
1 | British Columbia. ... ... .. .. .. .. . ... ool 2, 858 1.8 7.91
21 JAntarctic. ... it 375 -1.8 8.23
8| NorthernJapan..............oiiiiiiiiiiiininennn... ? 1.6 9.25
12 | Massachusetts......... ... . .. .. . .l 329 7.8 9.36
2 | Washington. ... ... .. i i 1,145 3.3 9. 44
13 | Gulf of Mexico. ... . ..ot 255 (?) 10.09
4 | SouthernJapan. . ... ... ... .. il 1,123 3.4 10.15
8 | Philippines. ... . 612 10. 2 10. 16
23 | Southern Japan. 278 13.3 10. 34
9 Philipii:ee. 502 12 11.08
11 | Australia. .. ) ? 11.13
15,16 | Cuba. ..... (? ? 11. 56
7 | Philippines. 104 ? 11.68
14 | Cuba. .. 59 26.2 11. 69
19 | Brazil.. ( ?; ?) 11.77
17,18 | Cuba. .. ... 2 ?g 11.79
6 | Philippines. 104 ? 12.20
10..... 0. 32 ?) 12.34
5(..... S 36 ?) 12.69
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From the foregoing table it is perfectly clear that the proportion of magnesium carbonate
in crinoids is in some way dependent on temperature. Temperature, however, is not entirely
dependent on latitude. Depth of water has also a distinct influence. The crinoids from rela-
tively shallow depths in the Tropics are highest in their magnesian content; those from the
Antarctic and the far north are lowest. The proportion given for No. 12, from the coast of
Massachusetts, is probably too low, for the specimen as analyzed contained over 6 per cent of
silica and sesquioxides—evident impurities, due to adherent mud from which the delicate struc-
ture could not be wholly freed. If these are rejected, the MgCO, is raised from 9.36 to 10 per
cent, which gives the crinoid a better and more probable rating.

So far as we are aware such a peculiar relation between temperature and composition as
is here recorded has not been previously observed. To recognize it is one thing; to account
for it is not so easy. At first we supposed that it might possibly be due to a difference in the
form of the more abundant carbonate—the less stable aragonite in the warm-water forms and
calcite in the crinoids from colder regions. But tests by Meigen’s reaction proved that the
organisms were all calcitic, and so this supposition had to be abandoned.

Mr. A. H. Clark, who is an authority on the crinoids, has stated to us that they are excep-
tionally we'l suited to a study of the kind recorded here, ‘‘for the skeleton is always entirely
internal and rrotected from the surrounding water by living tissue; so that whatever altera-
tion it may undergo after its original deposition can not be influenced by the water in which
it lives.” He has also pointed out that the crinoids from warm regions have the most com-
pact skeletons; the compactness being in general proportional to the temperature and also to
some extent dependent upon the size of the individual. Heliometra, for example, is the largest
of the crinoids, its skeleton is one of the least compact, and its magnesian content is lowest
among all the species examined. Structure as well as temperature seems to be correlated with
the proportion of magnesia in the crinoids, but the chemical explanation of the facts is yet to
be found.

Only one other group of marine organisms, so far as is now definitely known, is con-
spicuous for its relative richness in magnesium carbonate, namely, the calcareous alge, as
shown in an investigation by Hégbom.! In 11 analyses of alg® belonging to the genus Litho-
thamnium he found magnesium carbonate in proportions varying from 3.76 to 13.19 per cent.
No temperature relation, however, appeared in his series of analyses. The highest figure was
obtained in a specimen from the Arctic Ocean, the next highest in one from Bermuda, and the
lowest in one from the Java Sea. Three analyses of fossil algee gave even lower magnesia than
was found in the living forms. The average proportion was near that found among the crinoids.
It is highly desirable that both groups of organisms should be studied more completely and
with every precaution against error. Crinoids from European, especially Mediterranean waters,
from the coasts of Africa and South America, and from the Indian Ocean might be analyzed
to much advantage. One caution, however, is needed: only alcoholic material should be used.
Specimens preserved in formalin, which tends to become acid, are of doubtful value in a research
of this kind. All the crinoids studied in the present investigation had been preserved in
alcohol.

FOSSIL CRINOIDS.

In order to make this investigation more systematic it seemed desirable to analyze a
number of fossil crinoids, so as to determine whether any definite and regular changes could
be traced in passing from the recent to the ancient organisms. For the material studied we
are indebted to the kindness of Mr. Frank Springer, who selected the material with great care
80 as to cover a range of horizons from the Lower Ordovician up to the Eocene. The 10 crinoids
chosen are described in the list on page 37, and the analyses which follow were made in the
same way as those of the modern species.

1 Neues Jahrb., 1894, vol. 1, p. 262,
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1. Pentacrinus decadactylus (D’Orbigny), stem. Eocene, Vincenza, Italy. ,

2. Millericrinus mespiliformis (Goldfuss), stem. Upper Jurassic, Kelheim, Bavaria.

3. Pentacrinus basalliformis (Miller), stem. Middle Lias (Lower Jurassic), Breitenbach, Wurttemberg, Germany.

4. Encrinus lklijformis (Lamarck), stem. Triassic, Braunschweig, Germany.

5. Graphiocrinus magnificus (Miller and Gurley), complete crown. Pennsylvanian (upper Carboniferous), Kansas
City, Mo.

6. Dorycrinus unicornis (Owen and Shumard), calyx and stem. Lower part of Burlington limestone, Mississippian
(lower Carboniferous), Burlington, Iowa.

7. Megistocrinus nodosus (Barris), plates. Middle Devonian, Alpena, Mich.

8. Eucalyptocrinus crassus, plates. Silurian, western Tennessee.

9. Crinoid sp.?, stem. Trenton limestone, Middle Ordovician, Kirkfield, Canada.

10. Diabolocrinus vesperalis (White), plates and stem. Lower Ordovician, Tennessee.

Analyses of fossil crinoids.

1 2 3 4 5 6 7 8 9, 0
2.84 1.55 0.24 8.07 6.92 10.39 20.11 2.5 4.7
.28 2.50 .43 2.18 .64 .87 1.7 .31 1.95
None. |.......... None. 1.32 None. 1.19 .27 None. .88
Nonme. |.......... Trace. .15( Trace. .16 .04 | Trace. .04
.38 .84 9.4 .78 .38 1.21 .58 .01 .70
53.68 51.78 43. 40 50.10 51.20 46.57 43 53.87 50. 42
Trace. .09 Trace.| Trace.| Trace.| Trace. None . Trace.
42.93 43.21 45.95 41.71 41.00 30.20 30.71 42.45 41,83
99,92 100.11 100. 06 99.46 99.32 100. 14 99. 59 99.87 100.10 99.68

Revised analyses of fossil crinoids.

1 2 3 4 5 6 7 8 9 10
1.00 2.85 1.57 0.24 3.11 6.94 10.48 29.30 2.55 4.10
2.66 .28 2.64 .44 2.22 .64 .88 1.74 . 1.97
2.21 None. |.......... None. 2.16 | None. 1.94 .43 | None. 1.42

.21 None. |.......... Trace. .24 | Trace. .26 .08 | Trace. .08
1.66 .80 1.79 20.23 1.66 80 2.56 1. 1.90 1.67
92.26 96.07 93.80 79.09 90. 61 91.62 83.88 67.24 95.25 90.78
None. | Trace. .20 | Trace. | Trace. 'race. Trace. None Trace. Trace.
100. 00 100. 00 100. 00 100. 00 100. 00 I 100.00 100. 00 100. 00 100.00 100. 00

In some respects these analyses are unsatisfactory, for they show no regularities of any
kind. In only one of them, No. 4, is there exhibited a concentration of magnesium carbonate;
in the others the percentage of this constituent is very low. The reason for this falling off of
magnesia is by no means clear. It is conceivable that the ancient crinoids may have been
deficient in magnesia, but it is more probable that the loss is due to alteration, perhaps to the
infiltration of calcium carbonate. Such a change would obviously lower the apparent pro-
portion of magnesium carbonate. Several of the crinoids contain noteworthy quantities of
ferrous carbonate and manganese—constituents which did not appear in the analyses of the
modern species. In No. 8 there is a very strong silicification, 29.11 per cent; but the matrix
of the specimen contained only 7.55 per cent of silica. Here again the infiltration of the impurity
seems to be very clear. Some of the deficiencies in magnesia may have been caused by solution
and leaching, but calcium carbonate should then have been removed to a greater extent. In
short, the fossil crinoids differ widely in composition from the still living species, and in a very
irregular manner, and it is worth noting that in three analyses of fossil alge reported by Hégbom *
a similar falling off of magnesia appears. It would be easy to speculate on the significance
of these differences, but the conclusions so reached would not be entitled to much weight. That
the recent crinoids are distinctly magnesian and that the proportion of magnesia is dependent
in some way on temperature are the two positive results of this investigation.

1 Loc. cit.






CONTRIBUTIONS TO THE STRATIGRAPHY OF SOUTHWESTERN
COLORADO.

By WarrMaN Cross and EspeEr S. LARSEN.!

INTRODUCTION.

In the course of field work of the United States Geological Survey in the San Juan region
of Colorado observations have been made in the last three seasons that considerably extend our
knowledge of the great stratigraphic break below the La Plata sandstone, which is currently
assumed to be of Jurassic age. The new data pertain partly to the relations existing in the
Gunnison Valley, north of the San Juan Mountains, where the unconformity marking this break
was already known at certain places, and partly to the conditions in the Piedra Valley, on the
south side of the mountains, where the unconformity had not before been noted. The Piedra
Valley is of special interest, and it seems well to call attention to the relations observed even
though they were examined only in a reconnaissance. The first part of this paper is devoted
to the evidence of the overlap of the Lia Plata sandstone; the second to the stratigraphic relations
in the Piedra Valley.

The section of sedimentary formations in Piedra Canyon is of much interest because none
of the pre-La Plata formations are known east of this locality on the south side of the San Juan
Mountains. Most of these formations exhibit a notably different facies where they reappear
from beneath the overlying beds at their nearest exposures in New Mexico, southeast of the
Piedra Valley. It is believed that the character of the formations in the Piedra section should
be recorded for the benefit of geologists who may be studying the Paleozoic and Mesozoic rocks
of New Mexico, and accordingly the second part of the paper presents details of the structure
and the stratigraphic section of Piedra Valley.

THE STRATIGRAPHIC BREAK BELOW THE LA PLATA SANDSTONE.
GENERAL RESULTS OF THE HAYDEN SURVEY.

The Hayden Geological Survey established the existence of great stratigraphic breaks in
the central and western mountain regions of Colorado below both Triassic and Jurassic forma-
tions, and a corresponding overlap is also represented on the Hayden map of western Colorado
as occurring at the base of the Dakota Cretaceous. The map represents this break as being
particularly prominent along the Gunnison Canyon, between the town of Gunnison and Vernal
Mesa. The shales of Colorado age, belonging to the formation now distinguished in western
Colorado as the Mancos shale, are also represented as overlying the pre-Cambrian rocks east of
Gunnison, on both sides of Tomichi Creek, and as abutting against the gneisses and schists of
Vernal Mesa in primary contact.

The overlap of the Cretaceous formations upon the pre-Cambrian in this region, as shown on
the Hayden map, is in accord with the view expressed by A. C. Peale,? that “The Archean
area along the northern edge of the San Juan Mountains and south of the Gunnison River
probably formed a shore line in Cretaceous times.”

F. M. Endlich was the geologist who visited the area within which the ‘“Colorado” shales
are represented by the Hayden map as lying on granite, in the valley of Tomichi Creek, for a
distance of about 15 miles above Gunnison. As we shall explain more fully later on, he found
other sediments beneath the shales of this area, which are not shown on the map.

1 The authors wish to acknowledge the efficient assistance of J. Fred Hunter in the field work on which this paper is based.
1 U. 8. Geol. and Geog. Survey Terr. Ann. Rept. for 1875, p. 69, 1877.
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The contact of Cretaceous shales and pre-Cambrian rocks on Vernal Mesa, thought by
Peale ! to be of primary origin, is now known to be a fault contact in a zone of complex folding
and fracturing, the details of which have been shown by the tunnel of the Uncompahgre irrigation
project. THE OVERLAP IN THE GUNNISON VALLEY.

The assumed overlap of the Dakota sandstone in the Gunnison Valley is unquestionably
explained by the fact that Peale and other Hayden Survey geologists included in the Dakota
several hundred feet of beds that belong in the Gunnison formation (Jurassic?) of Eldridge,
embracing equivalents of the McElmo and La Plata formations of the San Juan region, a fact
clearly shown by Peale’s section of the assumed Dakota occurring in Gunnison Canyon about a
mile above Sapinero.? This section embraces 536 feet of strata, which are described as pre-
dominantly sandstone, with some shaly beds and thin limestones. The upper member of
Peale’s section, 100 feet thick and described as ‘“ massive yellow siliceous sandstone,”’ is all that,
in our opinion, belongs in the Dakota. In mapping the Uncompahgre quadrangle we have
examined this and many other sections of the Gunnison Canyon, and we assign to the Dakota a
thickness of about 100 feet. It has the character common to it over large areas of western
Colorado, which have been examined by several parties of the Geological Survey in recent years.
A thin remnant of Mancos shale in some places lies between the Dakota and overlying volcanic
rocks.

The beds beneath the Dakota sandstone in the Gunnison Valley are largely sandy, as
Peale has stated, but shaly beds of red, lilac, green, or yellowish colors are in many places well
developed between the sandstones. At its base the sandstone is thicker and more massive,
and this portion undoubtedly corresponds to the La Plata sandstone, as distinguished in the
San Juan Mountains area and the adjacent portions of the plateau country to the west. The
La Plata is also well developed in the Uncompahgre Plateau and the Uncompahgre Valley.

In the wild lower canyon of the Gunnison, between Cimarron Creek and Smiths Fork, the
Hayden map represents a thin Jurassic formation as appearing between the Dakota sandstone
and the gneisses and schists, but farther down the canyon a thin Triassic formation appears in
similar manner between the Jurassic and the crystalline rocks. This makes the section of the
lower Gunnison Canyon correspond with that of the eastern flanks of the Uncompahgre Plateau,
30 miles to the west. But though Peale® refers to his Jurassic formation as appearing beneath
the Dakota at a certain point and thickening toward the north, he was unable to examine the
section in detail, and it seems reasonable to assume that if these beds are Jurassic they belong
in the Gunnison formation with the greater part of the section above them, included by Peale
in the Dakota. They may illustrate the progressive overlap of succeeding beds of the Gunnison
on an uneven floor of crystalline rocks.

The age of the supposed Triassic rocks of the lower Gunnison Canyon has not been deter-
mined by fossils or by close lithologic correlation with known Triassic rocks of similar position
in the Uncompahgre Plateau, and it must be remembered that Eldridge found that the Gun-
nison formation in the southern Elk Mountains (=La Plata+McElmo) rests unconformably
on red strata of the Maroon conglomerate (Carboniferous),’ and in the Uncompahgre Valley
below Ouray both Triassic and Permian (%) beds occur between the La Plata and the Car- |
boniferous.®

Coming now to new data bearing on the character of the great overlap shown in the
Gunnison Valley, we may say that our observations during the last few years have demon-
strated the presence of the Gunnison formation between the Dakota and the pre-Cambrian all
along the Gunnison Canyon and also in the valley of Cebolla Creek, the southern tributary of
the Gunnison called ‘“White Earth River” on the Hayden map. During the survey of the
Uncompahgre quadrangle in 1911 it was found that the lower member of that formation, now

1U. 8. Geol. and Geog. Survey Terr. Ann. Rept. for 1874, p. 132 and Pl. VII; fig. 2, facing p. 97, 1876.

2U. S. Geol. and Geog. Survey Terr. Ann. Rept. for 1874, p. 131, 1876. The section is referred to as *‘ beneath station 73”’; the location is
shown on the map facing p. 170 and the profile in fig. 1, Pl. XIV, facing p. 169.

3. S. Geol. and Geog. Survey Terr. Ann. Rept. for 1874, p. 126, 1R76.

4 U. 8. Geol. SBurvey Geol. Atlas, Anthracite-Crested Butte folio (No. 9), 1894,

s Idem, Ouray folio (No. 153), 1807.
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called the La Plata sandstone, extends for 16 miles up the ridge east of the Cebolla, overlying
a variety of pre-Cambrian rocks. In some places the McElmo beds are preserved above it;
in a few others there are also remnants of the Dakota sandstone. Tertiary volcanic rocks overlie
all these sediments.

East of Cebolla Creek the Gunnison beds probably extend continuously underneath the
volcanic rocks to the valley of Cochetopa Creek. They are exposed north of Agency Peak and
on the ridge west of the Cochetopa, where the Hayden map represents the volcanic rocks.
About 12 miles south of Tomichi Creek the Gunnison beds cross the Cochetopa and pass under
the Dakota sandstone on its eastern bank, in the area where the Hayden map represents Colorado
shales as resting on granite. The shales occur in this region but are restricted to the higher
country several miles south of the Tomichi.

In Razor Creek valley, next east of the Cochetopa, nearly 1,000 feet of Mancos shale is
locally preserved beneath the volcanic rocks. In an eastern branch of that stream not shown
on the Hayden map a fault brings up the Dakota, the Gunnison, and the underlying granite in
a small area nearly surrounded by volcanic rocks.

In the extreme eastern part of this sedimentary area, which is traversed by Tomichi Creek,
the Dakota and Gunnison formations are everywhere present beneath the Mancos shale.
Moreover, these formations occupy & somewhat larger area than is assigned to them on the
Hayden map, especially on the north and east. The hills and smooth-sloped ridges near the
Tomichi #re in most places formed of the soft McElmo strata, though rhyolitic tuff occurs
in certain hills. The Dakota maintains its usual character and thickness, and from its supe-
rior induration it is everywhere the most prominent of these formations. On the northwest
slope of Tomichi Dome it has a measured thickness of 80 feet.

Near Tomichi Creek some low cliffs, which appear at about the horizon where the Dakota
might be expected, are of rhyolite. The volcanic rocks rest on a very uneven surface and are
not readily recognizable at a distance. Moreover, the sediments are gently folded, and this
adds to the difficulty of tracing formation boundaries in reconnaissance work.

The Gunnison formation is rarely well exposed. The lower sandstones, which in the
western part of the area are so prominent as to suggest a correlation with the La Plata sand-
stone, are thin or entirely absent in the eastern part. The formation here exceeds 200 feet
in thickness in but few places. Northwest of Tomichi Dome its thickness was found to be 150
to 175 feet. It consists chiefly of reddish and greenish shales, sandstone being very subordinate.

The decided thinning of the Gunnison formation eastward suggests that it may not have
been everywhere present beneath the Dakota in the central mountain region of Colorado. The
change in lithologic character here noted indicates that this thinning was due to nondeposition
of the normal section in the area under discussion and not to unconformity caused by erosion.

As to the structure exhibited by the Mesozoic formations in the basin of Tomichi Creek it
is sufficient to say that for about 20 miles east of Gunnison the creek flows in a syncline, the
strata dipping at high angles toward it from the north and south. But the limitation of the
formations on the east is due to a steep upturning of the beds. The Dakota and Gunnison
beds assume westerly dips of 80° or more and are in some places overturned. On the north
side of Tomichi Creek the gradual change from a low southerly dip can be observed in the area
northeast of Tomichi Dome, but on the south side of the creek the lower beds hold their steep
dips until they disappear beneath the volcanic rocks.

In regard to the Paleozoic sediments, the representation on the Hayden map of Tomichi
Dome as ““Lower Carboniferous” is incorrect, for the dome is made up of a plug of rhyolite, about
a mile across, intruding Mancos shale. Moreover, Paleozoic sediments, not shown on the
Hayden map, form most of the basin of Indian Creek, the fork of Marshall Creek which enters
from the north about 4 miles southeast of the town of Sargents. The Paleozoic beds are thus
known within 5 miles of Marshall Pass. About 600 feet of these beds are exposed over the pre-
Cambrian in this area, and the section is similar to that of Fossil Ridge, where the Carbon-
iferous is represented on the Hayden map. The beds dip about 20° S. and on the east, west,
and south are overlain by volcanic rocks, while on the north they overlie the pre-Cambrian
rocks.
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The error of the Hayden map in representing Colorado shales on pre-Cambrian east of
Cochetopa Creek is perhaps entirely cartographic. It is certainly not entirely due to incorrect
observation, for the map does not agree with Endlich’s statements concerning the distribution
of the Cretaceous formations in Cochetopa and Tomichi valleys, nor with his profile sections
through this region.! He repeatedly refers to quartzites under the shales as probably ‘‘Lower
Cretaceous,” but they were omitted from the map prepared some years later. The name
Dakota does not appear to have been applied to these sandstones at the time of Endlich’s report.

SAN JUAN MOUNTAINS AREA.

The representation of the Hayden map by which Triassic, Jurassic, and Dakota Cretaceous
beds are shown t» overlap and in turn come in contact with the pre-Cambrian in canyon branches
of Cimarron Creek, north of Uncompahgre Peak, is wholly hypothetical. There are no such
exposures in these canyons, for the volcanic rocks descend to the streams. Yet an overlap of
this general character for the La Plata sandstone must exist beneath the volcanic rocks between
the Gunnison Canyon at the mouth of Blue Creek and the Uncompahgre Valley below Ouray.
Endlich, who was responsible for this part of the Hayden map, understood the nature of
the overlap existing beneath the volcanic
s;? rocks, but drew on his imagination for the

exposures to express it. In the QOuray
quadrangle the La Plata is found on the
Dolores (Triassic) formation, and beneath
the Dolores is the complete known sedi-
mentary section of the San Juan region
from the Cutler formation (Permian?) to
the Ignacio quartzite (Cambrian). The
beginning of the overlap is near the Uncom-
pahgre, however, for on Cow Creek, one of
its eastern tributaries, the La Plata rests
with angular unconformity on Cutler beds;
the Dolores and an unknown amount of the
Cutler being missing.

The *sedimentary sections of the San
Juan Mountains district from the Uncom-

FiouRE 2.—Dralnage map of a part of the Pledra Valley, Colo. pahgre Valley, on the north, around the

western slopes and eastward on the south-
ern side as far as Pine River agree in showing the La Plata sandstone resting on the Triassic red
beds (Dolores formation), the full Paleozoic sequence of the region occurring in most places.
The details of these relations are described in the Ouray, Telluride, Rico, La Plata, and Engineer
Mountain folios of the United States Geological Survey. At many localities, however, the
sandstone of the Dolores formation beneath the La Plata has been much eroded, causing local
unconformities.

As stated in the Engineer Mountain and Needle Mountaina folios, the great overlaps shown
on the Hayden map in the Animas Valley and east of it are not to be found as represented.
Our recent work has shown, however, that about 25 miles east of the Animas, on the west side
of Wiminuche Creek, both faulting and earlier overlap are plainly exhibited nearly on the
northeast-southwest line where the Hayden map represents ‘‘ Upper Dakota’’ beds in original
contact with ‘‘Metamorphic granite.”” In the small portion of this area that lies in the San
Cristobal quadrangle, north of 37° 30, the fault mentioned brings Dolores (Triassic), La Plata
(Jurassic), and McElmo (Jurassic?) beds successively into vertical or steeply inclined position
against pre-Cambrian rocks on the northwest. A coarse granite is the chief of these older
formations, but gneiss and Algonkian quartzite also appear in Wiminuche Valley near the point
where the fault disappears under the later volcanics. The relations of Wiminuche Creek, Piedra
Canyon, and other localities mentioned are shown in figure 2.

1U. 8. Geol. and Geog. Survey Terr. Ann. Rept. for 1873, Pl. XIV, pp. 341-342, 1874.
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Farther southwest this fault is lost under glacial drift and a thick forest cover, but on the
east and southeast slopes of Graham Peak, a granite mountain near by, which is unnamed on
the Hayden map but assigned an elevation of 12,836 feet, small remnants of quartzite and
greenish shales rest on the granite northwest of the fault line. These beds dip gently to the
southeast. Their character suggested to us that they belong to the La Plata and McElmo
formations, and the exposures of the Piedra Canyon, to be described, practically prove this
correlation to be correct. The fault probably passes into a fold within the area shown in
figure 2, but time was not available for an examination of the district where this change pre-
'sumably occurs, nor were we able to examine the country southwest of Graham Peak, where the
overlap of the La Plata sandstone over the whole section of older sedimentary formations must
apparently occur within a few miles.

The Hayden map is also incorrect in its representation of the geology of Piedra Canyon
and lower Wiminuche Valley and of the slope between Piedra River and the granite divide
to the northwest, which is colored as entirely occupied by the ‘‘Upper Dakota.” Endlich,
who mapped this district, usually applied this term to the strata still called the Dakota sand-
stone, and at most a few hundred feet of lower beds. In the area referred to, however, the
valleys and canyons on the dip slope have a depth of more than 1,000 feet, and as the true
Dakota is less than 200 feet thick in this region lower formations are naturally exposed. Tt
is in the canyon sections that the overlap to be described is so clearly exhibited.

A traverse down Wiminuche Creek to Piedra River and down the canyon of the Piedra
for 6 miles to the mouth of the second large tributary from the northwest, called ¢ First Fork,”
revealed a most interesting structural and stratigraphic complexity, which is described in some
detail on pages 4446 of this paper. Within a few miles the river cuts across a monocline
and two anticlinal uplifts, exposing three areas of pre-Cambrian rocks, which .are overlain by
somewhat different sections of the Paleozoic and Triassic formations, and these in turn ame
covered in marked unconformity by the La Plata sandstone. Above this come the McElmo
and Dakota formations, the Dakota forming the rim rock of a warped and dissected plateau.

The northeastern of these eroded uplifts reveals the I.a Plata resting on granite or Algon-
kian schist; the middle one exposes the same pre-Cambrian formations: but shows a varying
Paleozoic section between them and the La Plata; the southwestern uplift was seen only from
a distance, but it also appears to have a pre-Cambrian core in the rugged ¢anyon below First
Fork, and Paleozoic formations must be present, though perhaps in an incomplete section.

RESUME.

From the evidence here presented it appears that the overlap of the Gunnison formation
on the pre-Cambrian rocks extends at least 50 miles farther up the valleys of the Gunnison
and Tomichi than was represented for the Jurassic beds on the Hayden map. It takes the place
of the assumed transgressions of the Dakota sandstone and ‘‘Colorado’ shale. Eldridge has
shown that the Gunnison extends northward through the Elk Mountains in marked uncon-
formity with the Paleozoic formations.! The relations in the Piedra Valley suggest that the
La Plata sandstone overlapped earlier sediments and came into contact with the pre-Cambrian
rocks along a general north and south line, crossing the San Juan Mountains area. Piedra
Canyon is about 75 miles south of Gunnison River, and it seems not unlikely that the area of
the La Plata overlap extended eastward through the present mountain district to the San Luis
Valley. The suggestion has been entertained that the strata known as the Gunnison forma-
tion on the western slope and the Morrison formation on the eastern slope were once continuous
deposits, having been connected across the area of the Sawatch Mountains and perhaps also
across the areas of the Sangre de Cristo, the Arkansas Valley, and the district south of South
Park. Although it is difficult to outline land areas in central and southern Colorado where
the Morrison or Gunnison beds were not deposited, or to prove that there were any such areas,
the thinning of the Gunnison formation eastward, as described on page 41, indicates that the
two formations may never have been continuous.

1 Eldridge, G. H., U. 8. Geol. Survey Geol. Atlas, Anthracite-Crested Butte folio (No. 9), 1894.
37183°—15——4
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It is the current practice of the Geological Survey to refer the La Plata sandstone to the
Jurassic because strata believed to be its equivalent occur in Utah beneath marine Jurassic beds.
This reference does not require the assignment of the McElmo and Morrison formations to the
Jurassic. It seems, however, to indicate that sedimentation may have continued in Colorado,
with no considerable interruption, from Jurassic through Lower Cretaceous time.

STRATIGRAPHIC RELATIONS IN THE PIEDRA VALLEY.
STRUCTURE OF THE UPPER MESOZOIC FORMATIONS.

The Mesozoic formations exposed in the lowlands adjacent to the San Juan Mountains, in
the area traversed by San Juan and Piedra rivers, exhibit many gentle folds and minor faults
which can be grouped in no definite systems. These structural features are brought out by the
Dakota sandstone in characteristic ledge outcrops on steep slopes and along the walls of small
canyons, or by undulations where it serves as the sustaining floor of many nearly level stretches
between streams near the mountains. Such rolls and small faults are especially ‘well shown
near Pagosa Springs, where several small streams have cut through a thin mantle of Mancos
shale and revealed the underlying Dakota.

The McElmo and La Plata formations must take part in these minor structures, but erosion
has not revealed them, so far as known, in the valleys east of the Piedra. The structure shown
immediately adjacent to Piedra Canyon is rudely expressed in figure 3. It will be noted that
the La Plata, and with it the overlying beds, has been warped by three low folds. The one best
shown in the figure lies between Sand Creek and First Fork. The fold southwest of First Fork
is probably still more striking, for it is plain that the La Plata, McElmo, and Dakota formations
must all disappear beneath the Piedra, by southwesterly dips or faulting, within 4 or 5 miles «f
First Fork. These low folds of the La Plata are located, at least in a general way, above more
pronounced folds of pre-Jurassic formations, to be described under the next heading.

The structure of the underlying beds probably had much to do with the location of the later
minor folds of the La Plata along the Piedra, for many small faults in younger formations in the
San Juan region represent renewed movement on fault planes along which older formations have
been more extensively dislocated at some much earlier period. It seems reasonable to suppose
that the same is true of the folds, and the gentle flexures of the Piedra appear to be the results of
such repeated movement, but further study is necessary to ascertain definitely the relations of
the folds in this region.

Mention has been made (p. 42) of a major fold-fault of southwest-northeast trend that
crosses the Wiminuche north of the area shown in figure 2. Whether this movement was syn-
chronous with the minor flexures here referred to is not known.

THE UNCONFORMITY BELOW THE LA PLATA SANDSTONE.

The character of the unconformity may be more clearly brought out by describing in some-
what greater detail the relations so well exhibited in the Piedra Valley and its branches below
the mouth of Wiminuche Creek. The Piedra itself first cuts through the La Plata sandstone
about a mile above the mouth of that creek. The La Plata there dips very slightly to the south-
east and rests on steeply upturned shales, schists, and thin quartzites of the Uncompahgre
(Algonkian) formation. These relations are brought out by the view given in Plate VIII. The
schists are much decomposed and their appearance indicates that they had long been subjected
to weathering before the deposition of the La Plata.

In the angle between Piedra and Wiminuche Creek the base of the La Plata lies about 200
feet above the junction of the streams. It runs up the Wiminuche with nearly regular position,
crossing it at about a quarter of a mile above Little Sand Creek, and in this distance it crosses
an ill-exposed contact between the Uncompahgre strata and a great intrusive mass of coarsely
porphyritic granite, regarded as a part of the Eolus granite, which occupies a large area in the
Needle Mountains. There may be a fault contact at this point.
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Below Wiminuche Creek the base of the La Plata descends gradually, with very gentle
undulations, keeping from 100 to 200 feet above the river, to the point of the ridge east of
Sand Creek. The Uncompahgre beds underlie the La Plata in the Piedra Canyon with a general
northwestern dip of 43°—45°, to a point about a mile below the mouth of Wiminuche Creek, where
they disappear beneath the lower Paleozoic formations, which dip about 11° SW. These beds
belong to the northeastern limb of a shallow syncline, the opposite side of which rises more
steeply beyond Sand Creek.

Owing to this older structure the La Plata overlaps discordantly the formations from the
Elbert? (Devonian #) to the Hermosa (Pennsylvanian), and at the point of the ridge east of Sand
Creek it lies on Hermosa beds several hundred feet above the base of the formation, with an
angular unconformity rudely illustrated by figure 3.

Sand Creek is nearly in the trough of the syncline just referred to, and it has cut below the
La Plata for its entire length. The gradient of the stream is equal to the southeastern dip of
the La Plata sandstone, about 4°, so that the base of the sandstone keeps its position, from
100 to 200 feet above the stream, for over 7 miles from the Piedra. The underlying Hermosa
also persists until the great fold-fault alluded to on page 42is approached. Where the lower
beds turn up adjacent to that fold the creek cuts through them into granite.

Somewhere in the region near Graham Peak the La Plata again overlaps the lower Paleozoic
formations, but a heavy cover of forest and old glacial gravels obscure these relations and no
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FIGURE 3.—Diagrammatic section along the northwest side of Piedra Canyon, Colo.

exposures of the unconformity were found. Erosion may have removed the La Plata from
the rather narrow zone in which it might otherwise be present.

The divide at the head of Sand Creek and farther north is in the Eolus granite, and the base
of the La Plata turns up sharply on the higher slopes and swings around to the northeast where
the fold merges into the Wiminuche fault. On some of the ridges of these upper slopes north-
west of the fault remnants of the La Plata sandstone overlie the granite.

Below the mouth of Sand Creek the La Plata sandstone assumes a northeastern dip and
in a distance of less than a mile its base rises 1,000 feet above the bed of Piedra River. It
then turns gently to the southwest and east of the mouth of First Fork, which is the next main
stream, it is again only a few hundred feet above the Piedra. As shown in figure 3, there is an
older and more pronounced fold in the pre-Jurassic strata between Sand Creek and First Fork
and the La Plata truncates these older formatiouns, the overlap being very plainly demonstrated
by the section displayed in Piedra Canyon and the valley of First Fork.

As the Piedra cuts across this anticline it first reveals the Eolus granite beneath the sedi-
ments, but on the southwest side a fault brings schists of the Uncompahgre formation once
more to view. The river flows through these pre-Cambrian formations in a rugged canyon.
The Hermosa and earlier Paleozoic formations are well exposed on the northwest side of the
canyon.

First Fork also flows in a synclinal trough and for at least several miles above its mouth
cuts below the La Plata. In the lower part of the valley bright-red sandstones are prominent
in the southwest bank and also appear on the southeast side of the Piedra. These beds and
300 to 400 feet of variously colored grits, sandstones, shales, and nodular limestones which over-
lie them, clearly belong to the Permian (?) Cutler formation, for they are in turn overlain by
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the Triassic Dolores formation. The characteristic fine-grained ‘‘saurian conglomerate’ of
the Dolores, carrying fragments of bones and teeth and made up mainly of small pebbles of gray
limestone, is exposed on the northeast side of First Fork, halfway to the principal forks of the
stream shown in figure 2, and also in the ridge between the forks.

The white La Plata sandst.one occurs 300 to 350 feet above the forks, being clearly shown
in the main ridge to the northeast. It thus appears in First Fork in about. the same position
relative to the underlying section of Triassic and Paleozoic formations that it holds throughout
the San Juan region, to the west, as described in the published folios. Except for a part of the
Dolores formation the overlap from Triassic to pre-Cambrian rocks is complete between First
Fork and Wiminuche Creek.

Below the mouth of First Fork the canyon of the Piedra has been seen only from a distance.
The canyon closes in and the walls are high and rugged. The Paleozoic beds form a sharp anti-
cline, with very steep dips on the southwest limb, and the pre-Cambrian rocks are probably
again exposed in the canyon. The La Plata and overlying beds are also folded, but less sharply
than are the underlying rocks, the conditions resembling those above First Fork. Within a
few miles down the river all pre-Dakota formations disappear beneath the suiface by southerly
dips.

The overlap of the La Plata has been described with special reference to the exposures
examined on the northwest side of the Piedra, but the same general relations are shown on the
opposite side, as could be seen from many good points of view. But the structure exhibited
by the older formation southeast of the Piedra is more complex than has been described. Pre-
Cambrian rocks rise about 1,000 feet above the river in an amphitheater nearly opposite Sand
Creek, and are there immediately overlain by the La Plata sandstone. A more detailed study
than we could make is necessary in order to determine fully the structural relations of the for-
mations in this area.

PRE-DAKOTA SECTION OF PIEDRA VALLEY.

JURASSIC (P) SYSTEM.
McELMO FORMATION.

The McElmo strata, occurring between the Dakota and La Plata sandstones, are widely
distributed in the Piedra and adjacent valleys, but owing to their soft, friable nature are well
exposed at few places. The only good section observed is in the little canyon of Wiminuche
Creek, about 5% miles north of the area shown in figure 2, where the stream cuts across the
strata adjacent to the fault mentioned on page 42. In this canyon 470 feet of McElmo strata
are exposed in vertical position.

At the base of this McElmo section is a dark-red marly shale, such as occurs at many
places in this position. It is succeeded by wavy friable sandstones, sandy shales, and clay
shales, in beds that are rarely more than a few feet thick, without marked change in character.
On slopes the harder sandstones form ribs separating shale depressions. The colors, especially
those of the shaly layers, exhibit the variegation characteristic of the formation, from red,
through pink, green, lilac, and yellow, to gray.

It seems probable that this section does not show the true thickness of the formation,
owing to squeezing and shearing near the fault, and that the softer beds in particular are
thinner than is normal. No fossils have been observed in the McElmo formation.

JURASSIC SYSTEM.
LA PLATA SANDSTONE.

General character.—The La Plata of the Piedra Valley exhibits variations which are natural
in a region of overlap upon an uneven topography. In other parts of the San Juan region
the La Plata consists of two thick members of white massive cross-bedded quartzose sand-
stone, separated by a subordinate and variable calcareous member in places carrying some
limestone but more generally consisting of calcareous sandstones and shales. In Piedra Canyon
and its branches the lower La Plata sandstone in many places has nearly its normal character
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and above it come dark bituminous limestones, locally thin-bedded and brecciated. The
upper La Plata sandstone is presumably present in less than the normal thickness, but owing
to its soft and friable character it affords no good exposures. This character renders it possible,
however, that these soft beds belong in fact to the McElmo formation and that the La Plata
here lacks its upper member.

At the base of the La Plata a basal conglomerate, variably developed, is composed mainly
of dense quartzite pebbles from the Algonkian Uncompahgre formation, a great thickness of
which is shown in the adjacent Needle Mountains area. Such conglomerate was observed at
several places near the mouth of Wiminuche Creek, where the La Plata rests on an irregular
surface of Algonkian strata.

The lower La Plata sandstone is variable in thickness and is very thin or wanting in some
places, as on the east side of the Wiminuche about a mile above its mouth. A short distance
below this point conglomerate and some sandstone occur between the underlying granite and
dark limestone breccia. These variations are no doubt due to the uneven surface on which
the sandstone was deposited.

The limestone member of the La Plata in the Piedra Valley presents very nearly the
same features that it does north of Ouray. Its total thickness is locally more than 30 feet, and
usually a gray massive cavernous limestone lies in thin beds above and below it, but in some
localities almost the entire member is black breccia of thin limestone cemented by white calcite.
In the thin shaly limestone layers below the more massive part scanty fish remains wers found.
Dr. C. R. Eastman has examined these remains carefully but is unable to make any satisfactory
determinations of the forms represented.

Section of La Plata sandstone.—On the northwest cide of the Piedra, about midway between
Sand and Wiminuche creeks, the section given below was found.

Section of La Plata sandstone on Piedra River between Sand and Wiininuche creeks.

Top. Feet.
1. Sandstone of the McElmo formation, red, thin-bedded, argillaceous; poor exposures.
2. No exposures; unexpoeed interval probably occupied by upper La Plata sandstone with some
MCEIMO beds. .cennn it ettt et ittt te e e 70
3. Limestone breccia, dark, made up of fragments like underlying limestone; contains open
spaces, as the cementing material does not fill all the interstices; makee good ledge out-

CE 1) ¢ 15
4. Limestone, dark, in places nearly black shaly; has a decided bituminous odor; carriee trag-

ments of small fish... ... ... ... i iiieiiiciiieceieceaaan. 10
5. Quartzose sandstone, light yellowish gray, fine, even-textured; weathers with rounded, pitted

1) ¢ 11 T R 20
8. Quartzose sandstone, white, even-grained, cross-bedded; makes rounded cliffs.............. 56

This is the normal section of the La Plata of this area, but the two limestone members are
rather variable and the upper limestone breccia alone reaches a thickness of 30 feet just north
of the mouth of Sand Creek, though at some other places it is much t.hmner The heavy sand-
stone bed at the base is also somewhat variable in thickness.

TRIASSIC SYSTEM.

DOLORES FORMATION.

The only known exposures of the Dolores formation are adjacent to the fault in Wiminuche
Canyon and in the valley of First Fork. In neither locality were good sections seen, but it is
clear that the formation here exhibits no marked change in character from that shown in the
Animas Valley, as described in the Engineer Mountain folio. There is the usual alternation
of fine limestone conglomerate and thin-bedded sandstones and shales near the base, followed
above by. intensely red shales and more or less massive sandstones. The original thickness
of this sandstone 1n this region is presumably nowhere preserved, owing to pre-La Plata erosion,
and it may have been much greater than at present. Probably 350 to 400 feet is & maximum
measure of the Dolores formation now occurring in the Piedra Valley.
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Unless small isolated exposures of the Dolores occur in the San Juan, Navajo, or other
valleys east of the Piedra, near the volcanic rocks of the mountains, these outcrops of Dolores
beds of the Piedra are probably nearer than any others of Colorado to the long-known fossilif-
erous beds of Rio Chama in New Mexico. No conglomerate like that of the Dolores has been
reported from New Mexico, but it is evident that if the worn particles of limestone were a little
smaller than they are in the conglomerate of First Fork and were mingled with sand grains the
peculiar character of the ‘‘saurian conglomerate’’ would be lost.

CARBONIFEROUS SYSTEM.
PERMIAN (?) SERIES.
CUTLER FORMATION.

The most complete section of the Cutler formation is in Dolores Valley below Rico, Colo.!

The only observed outcrops of the Cutler formation in the areas here considered are those
in First Fork, already mentioned, whers, as noted, some of the sandstones and shales are very
bright red, but the strata near the Dolores formation have the character of the partial section
given below, which occurs on the northeast side of First Fork about half a mile above the Piedra,
where it is crossed by the Forest Service trail leading up First Fork. The top of the section
is not more than 200 feet below the Dolores, but the intervening beds are poorly exposed.

Section of Cutler formation about one-half mile above the Piedra.

Top. Foet,
1. Arkoee grit with subordinate red sandy ehale; upper bed of arkose, 6 to 12 feet thick, varies
locally inversely with red sandstone. .......... ... oottt 20
2. Arkoee, cross-bedded, massive, pink; forms rounded outcrops. ................o..oillll 12-15
3. Shale, calcareous, and nodular pink limestone. ... ... . . .. .. .. .oiiiiiiiiiiia.n 8
4. Sandstone, light gray, somewhat calcareous, weathering into rounded forms; tough fracture 6-7
5. Limestone and shale; red nodular limestone with shaly matrix; crumbling................ 3
6. Sandstone, gray, fine and even-grained. ... ..ottt 3
7. Shale, sandy; dark red in upper part, grading below into dark-greea sandstone at base...... 12
8. Sandstone; thin-bedded, greenish gray, dark at top and lighter below;strike N. 12°-18° E.,
L A L A 30
98

This section is in general characteristic of the Cutler of the southern San Juan region
as to the variety of beds and their alternation, though no two sections agree in thickness or
similar beds or in details of gradation. No exposures were found in the zone between the
Cutler beds and the typical Hermosa, so that it is uncertain whether the Rico formation (Per-
mian ?) is present in the Piedra Valley or not.

PENNSYLVANIAN SERIES.

HERMOSA FORMATION.

The lower part of the Hermosa is exposed south of Sand Creek and near the Piedra, in a
diagonal section which is continuous for about 500 feet, the beds dipping 18° to 25° NE. Owing
to a fault the actual base of the formation is not shown in relation to this section, but probably
there is a gap of less than 200 feet. The section is on the northeast limb of the anticline shown
in figure 3.

Partial section of Hermosa formation near Piedra Canyon, south of Sand Creek.

Top. Feet.

1. Sandstone, yellowish green, argillaceous........... . ... i il 4
2. Sandstone, pinkish, with a few thin variegated bands; slightly cross bedided, medium to

coarse-grained. ... ... ... iiiiiiiiiiicieceniisieiacaieeeeaaanan 16

3. Shale, purplish ... i iieiciieeiiececeeaaeeaas 3

4. Limestone, dark gray. .......o.oiuioiniiiiii ittt ettt aaaaaaaay 2

5. Sandy shale, dark red to purplish........... ... 20

1 Cross, Whitman, and Howe, Emnest, Red beds of southwestern Colorado and their correlation: Geol. 8oc. America Bull., vol. 16, p. 464, 1905.
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Feet

6. Grit, ight gray .ottt 6

7. Limestone, nodular, with very fossiliferousshale layers............. .. . .. ... . ... ... 6

8. Limestone, nodular and fossiliferous, and shale; strike N. 65° W., dip 27° NE.

9. Shale, reddish to purplish at base, drabat top.......... ... il 20
10. Lunestone nodular and fossiliferous, with thinshale......... ... ... ... ... ... .. . .. 3
11. Shale, purplish. .. ... ..o i i it 17
12. Shaly limestone; fosBil8. ....cc.vuenoimioiieitiiiii it e 2
13. Shale, sandy and reddish near base, calcareous and black near top ......................... 6
14. Sandstone,coarse,somewhatvanegated brownorred.......cooiiiiiiiiiiiiiiiiiiiaiiaa.. 8
15. Sandy Bhale. ... e 2
16. Sandstone, soft, shaly, greenish, and somewhat variegated.......................... .. ... 5
17. Gritand coarse 8andetone. ...uuuuiiaian e 19
18. Limestone, very fosgiliferous........... ... .. i i 1
19. Grit, lightcolored. .......ouimiei e ]
20. Shale, reddish and calcareous 8t toP...... ..ot 23
21. Grit, light colored - ... ... . i it tiiieaaees 17
22, Limestone, dark gray; fewshells. . ....... .. ... i i 3
23. Sandstone, thin-bedded, shaly, gray, and cross-bedded.................... ... ..ol 9
24. Shale, forming flaky sandy clay, upper part dark gray, lower partreddish.................. 20
25. Limestone, sparingly fossiliferous; strike N. 35° W, , dip 18°NE.._ .. ... .. .. ......... 4
28. Shale, very fine-grained, green and gray, orred; soft and poorly exposed (estimated thickness) 40
27. Sandstone, arkosic, green with prominent red feldspargrains. .. ... .. .. ... ... ... ... 5

28. Limestone; upper 5 feet nodular, gray, dense, rich in Productus, Spirifer, Terebratula, and
Triticites; lower 7 feet earthy limestone grading downward; alternation of shales and lime-

stone in layer 3 to 4 inches thick; foesiliferous............... ... ... oot 12
29. Shale, dark, CalCAreOUS. ... ... ... it 3
30. Limestone, nodular; rich in T'riticites secalicus. _..... ... ... ... ..ol 23
81. Shale, soft, gray; poorly exposed . . ... ... ...t 20
82, Sandstone, yellowish gray.........cc.oiueiioiiiiiiiii ittt 2
33. Limestone, nodular in upper part, thinner bedded and sandy below; very fossiliferous...... 23
34. Shale and shaly sandstone.............ouiuiiiioiiiiiiiiiii ittt itiei i iiea e 10
385. Grit, arkosic, pink, gray, and mottled; cross-bedded, massive; much quartz................. 14
36. Bhale,red and raY. ... oottt i i ettt 8
37. Limestone, part laminated, part nodular; fossiliferous.......... ... ... ... .ol 22
38. Shale, red, with irregular nodules of limestone........... ... ... ... .o iiiiiiiiiiia. 12
39. Limestone, MAasSive, BIAY . . . cenunnttieeteeieie i ettt aaaaas 5
40. Shale, red. ... ..o et iieieeiaaaaas 4
4]. Limestone and red shale of irregular development rich Triticites-bearing hmestone layer.... 20
42, Grit, Bray, MASKIVe. c.co ettt et e ettt ittt e taa e 25
43. Sandstone, dense, with dark-red shale partings to beds; pink and gray spots in aandstone 18

Below this section is a zone, about 200 feet wide, in which the rocks are not exposed, and
below that the Ouray limestone appears. On the south side of the fault which interrupts
the continuity of the section the two lowest beds of the Hermosa are exposed. At the base
is a gritty sandstone about 20 feet thick, and overlying it is a more or less sandy fossiliferous
hmnestone of wavy bedding, exhibiting an irregular alternation of pure dark-gray material
with streaks of yellowish earthy limestone. This constitution is characteristic of the lowest
limestone of the Hermosa in the Animas Valley.

MOLAS FORMATION.

The descriptions of the Molas formation in the Silverton, Needle Mountains, and Ouray
folios show the persistent character of this thin and peculiar formation throughout the San
Juan region.

The Ouray limestone south of and adjacent to the fault that interrupts the Hermosa sec-
tion lies below reddish clay, shale, and calcareous beds that are typical of the Molas formation.
The full thickness of the Molas formation was not seen, but near the fault there are unusually
good though not continuous exposures, making it clear that the formation is at least 100 feet
thick. It has the usual character, consisting mainly of red calcareous shale. Much of it is
almost a red clay, but where the calcareous element is prominent the mass becomes irregularly
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nodular or lumpy. Layers or lenses of mottled limestone are rare. The largest extend several
yards laterally. Some layers of calcareous mud are twisted and are held by ordinary shale
or clay. Near the top is a calcareous sandstone, apparently quartz-free, 1 to 2 feet thick. The
upper 20 feet is not well enough exposed to show the character of the rock,

CARBONIFEROUS AND DEVONIAN SYSTEMS.
OURAY LIMESTONE.

A massive light-gray crystalline limestone about 30 feet thick occurs below tfxe Molas
formation in the section on the northeast limb of the anticline below Sand Creek. The upper
surface of the limestone contains deep solution crevices filled by the reddish mud of the Molas,
a condition common throughout the San Juan region. In the limestone were found cup coral
and fragments of crinoid stems such as are common in the Carboniferous part of the Ouray
limestones elsewhere. Chert nodules occur in the upper part of the limestone. No Devonian
fossils were found, and it may be that no part of the limestone here should be referred to that
period.

DEVONIAN SYSTEM (P).
ELBERT FORMATION(1).

Below the Ouray limestone there are several quartzite beds, 4 to 5 feet thick in all, and
some reddish or mottled crumbling sandstone. Green or reddish shale occurs below these
sandstones but is poorly exposed. No place for a section was found. It is estimated that there
are 40 to 50 feet of sandy and shaly beds between the Ouray limestone and pre-Cambrian forma~-
tions, and the reference of these to the Elbert rather than to the Upper Cambrian (Ignacio
quartzite) is based simply on probabilities. The Ignacio is absent on Pine River about 12 to 15
miles west of the Piedra Canyon.

ALGONKIAN SYSTEM.

UNCOMPAHGRE FORMATION.

As shown in the profile section, there are in the Piedra Canyon two distinct exposures of
quartzite and schist or shale belonging to the Uncompahgre formation. In the one at and near
the mouth of Wiminuche Creek the strata have nearly the same character that they exhibit in
the Needle Mountains. The quartzites are dense and hard and are bluish-gray in color. They
are in part coarse and in part fine grained. The shales have been somewhat metamorphosed
and some beds are schistose through abundant mica, but in many places they are soft and
crumbling. Much of the decomposed appearance of these strata is probably due to weathering
in a long period of exposure before the decomposition of the earliest Paleozoic sediments.

In the area of these Uncompahgre beds in the Piedra Canyon between Sand Creck and First
Fork quartzite, accompanied by pronounced schists, is the principal rock, occurring in a band
about 100 feet wide, adjoining the granite body. Brown tourmaline and rudely developed
chiastolite or andalusite characterize the schists near the granite and indicate that the granite
is intrusive. 'The Piedra Canyon, cut for a depth of 200 to 300 feet in these beds, is very rugged
and has somber gray walls.

The Uncompahgre strata beneath the La Plata sandstone of Plate VIII are locally contorted
and crushed. Those of the canyon below Sand Creck strike nearly east and dip 60° or more to
the north.

1 The Elbert formation was first described in 1904 (Cross, Whitman, A new Devonian formation in Colorado: Am. Jour. 8ci., 4th ser., vol. 18,
»- 245). For further descriptions and map of type locality see U. 8. Geol. Survey Geol. Atlas, Engineer Mountain folio (No. 171), p. 5, 1910.




A RECONNAISSANCE IN THE CANYON RANGE, WEST-CENTRAL
UTAH.

By G. F. LouGHLIN.

e INTRODUCTION.
PREVIOUS STUDIES IN THE REGION.

The Canyon Range, in west-central Utah, which derives its name from the deep valley cut
through its northern part by Sevier River, has hitherto received no general geologic study, not
even of a reconnaissance nature. The atlas of the Wheeler Survey,' though showing the geology
of the surrounding ranges, leaves the Canyon Range blank. Gilbert, in his study of Lake
Bonneville,? examined the lake deposits in the valleys on the east and west sides of the range and
in Sevier Canyon which connects them, but paid no special attention to the hard rocks of the
range. Tower and Smith? in their report on the Tintic district, north of the Canyon Range,
mention the presence of folded Paleozoic strata, including Carboniferous limestone, along
Sevier Canyon, and of Eocene conglomerate resting unconformably upon the Paleozoic rocks.
Their statement was based on observations made during a day’s drive from Juab to Leamington
by Smith, who noted the absence of volcanic material in the Eocene conglomerate and the
abundance of it in the Pleistocene and recent alluvial deposits, and therefore concluded that
the Tertiary volcanic rocks, which form the southern part of the Tintic Mountains, were post~
Eocene. The latest geologic map of North America * represents the Canyon Range as com-
posed entirely of Cambrian and Lower Ordovician strata.

FIELD WORK.

The writer in 1912 ® made a trip through Sevier Canyon, noting the unconformity between
the Eocene conglomerate and the Paleozoic strata and also the presence of a bed of dark-colored
volcanic rock, presumably andesite or latite, resting upon Eocene conglomerate, thus verifying
Smith’s conclusions. The close resemblance of the Paleozoic quartzite in general lithologic
character to the Cambrian quartzite of the Tintic district, together with the age assigned to it
on the geologic map of North America (just cited), led the writer to describe the Tertiary con-
glomerate as here resting on Cambrian quartzite. In June, 1913, however, while visiting the
Leamington mining district, he took the opportunity to make a hasty reconnaissance of the
range, spending half a day in the mountains north of Sevier Canyon and three days in trips up
Wood, Yellowstone, Fool Creek, and Oak Creek canyons and along the west base of the
range. It was found that the quartzite, instead of being Cambrian, rested in apparent con-
formity upon lower Mississippian limestone. No careful measurements of the thicknesses of
these formations were attempted, but interesting structural data were gathered, which, though
far from complete, are believed to be worthy of presentation.

1 U. 8. Geog. Surveys W, 100th Mer., atlas sheet 50.

1 Gilbert, G. K., Lake Bonneville: U. 8. Geol. Survey Mon. 1, pp. 104, 168, 192, and 193, 1890.

8 Tower, G. W., and Smith, G. O., Geology and mining industry of the Tintic district, Utah: U. 8. Geol. Survey Nineteenth Ann. Rept., pt. 3,
PP. 617, 671, and 673, 1809.

¢ Willis, Bailey, Index to the stratigraphy of North America: U. 8. Geol. Survey Prof. Paper 71, Pl. I, 1912,

$ Loughlin, G. F., Reconnaissance in the southern Wasatch Mountains, Utah: Jour. Geology, vol. 21, p. 448, 1913,
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TOPOGRAPHY.

The Canyon Range, as shown on the accompanying map (fig. 4), has the general features of
the maturely dissected basin ranges, but the transverse canyons on its west side are surprisingly
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FIGURE 4.—Reconnaissance map of the Canyon Range, Utah, showing geologic formations.

broad in proportion to their
lengths. Those on the east
side were not seen at close
range. Most of the lateral
branches of the canyons on
the west side are strike val-
leys separated by ‘‘hogback”
ridges. (See fig. 5.) Some
of these canyons are occu-
pied by small creeks, the
largest of which is Oak Creek,
in the southern part of the
range.

The most striking topo-
graphic feature is Sevier Can-
yon, in reality a rather wide
valley with a flat bottom and
gently sloping sides, which
cuts completely across the
range in a curved course at a
very gentle gradient. Sevier
River has terraced the un-
consolidated lake deposits
which constitute the canyon
floor and follows a meander-
ing course, interrupted at one
or two places by gentle rap-
ids, where it has uncovered
buried ridges of quartzite.

SETTLEMENTS.

Two small agricultural
towns are situated at the
west base of the range at
places where water for irriga-
tion is available—Leaming-
ton, at the mouth of the
canyon of Sevier River, and
Oak Creek, or Oak City, at
the mouth of Oak Creek can-
yon. A few ranches are lo-
cated between these two

towns, especially near the mouth of the canyon of Fool Creek, which supplies water for
irrigation. The San Pedro, Los Angeles & Salt Lake Railroad passes through Leamington
and Sevier Canyon. Oak Creek is reached by stage from Leamington.
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GEOLOGY.
STRATIGRAPHY.
GENERAL FEATURES.

The Canyon Range is composed almost entirely of sedimentary rocks—Carboniferous lime-
stone and quartzite overlain unconformably by Eocene conglomerate. Volcanic rocks have
been reported from the extreme northern and southwestern parts of the range, beyond the
limits of the area visited. The valleys on either side of the range are floored with beds of
Pleistocene age that were deposited in Lake Bonneville and are known as Lake Bonneville
beds, and locally with later alluvial deposits.

SEDIMENTARY ROCKS.

CARBONIFEROUS LIMESTONE.

The limestone, as shown on the map (fig. 4), is the prevailing rock northwest of Sevier Canyon
and forms the middle western slope of the range south of Sevier Canyon as far as the south
boundary of Yellowstone Can-
yon. North of Sevier Canyon
it has generally low dips, asso-
ciated with gentle anticlinal
and synclinal flexures, but
locally its beds stand nearly
vertical. South of Sevier
Canyon the dip varies from
steep westerly to vertical.
The limestone on both sides
of Sevier Canyon dips beneath
quartzite. A smaller lime-
stone area extends north and
south across Oak Creek. Its |- s ..
bedsshow a monoclinal struc- | S:8 R B MEe L HEBPY . T T s T
ture, dippmg 70° W. beneath Fieure 5.—View across North Fork of Yellowstone River, Canyon Range, Utah, looking north-
the quartzite and are sepa- west from Arbroath shalt. :
rated on the east from quartzite by a strike fault. Limestone is also said to be exposed in the
narrow southern part of the range, near Scipio. A lens of limestone in quartzite was noted on
the north side of Fool Creek. This lies well above the main limestone formation.

The lithologic character of the limestone varies somewhat in different places. The lowest
strata seen, about 3 miles northwest of Sevier Canyon, are thick to rather thin bedded, of me-
dium to dark gray color, and fine to rather coarse grained in texture. Fossils are fairly abundant
in certain beds. At a higher horizon, due north of Parley station, which is 5 miles northeast
of Leamington, intercalated beds of shale are conspicuous. About a mile north of Parley
station, on the east wall of a southward-sloping canyon, there is a prominent bluff of vertical
strata which consists largely of conglomerate composed of limestone and chert pebbles and
which lie within the zone of intercalated shale beds. The stratigraphic significance of this
conglomerate can not be determined without detailed study, but from the paleontologic evidence
(see p. 54) it appears to be only a local variation within a single limestone formation.

The uppermost limestone beds vary in character at different places. On the west slope of
the range, northwest of Sevier Canyon, they are very cherty, nodules and continuous bands
of chert comprising as much as 50 per cent of some beds. Perfect pseudomorphs of brachiopod
shells are conspicuous in much of the chert. Shale beds at this place are not conspicuous, and
the gradation from limestone upward into quartzite appears to be marked by increase in chert.
The exact relations of the chert to the quartzite were not ascertained.
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In Wood Canyon the uppermost beds are of light to medium gray color and are dolomutic.
Many of them are characterized by a concretionary or pisolitic structure, the concretions ranging
up to an inch or more in diameter and offering greater resistance to weathering than the matrix.
Above and intercalated with these strata are beds of striped shaly limestone, alternating with
shale, and these in turn are overlain by a bed of brown ferruginous quartzite, which is followed
by typical quartzite.

At no place is the entire thickness of the limestone exposed. A rough estimate of the
exposed thickness northwest of Sevier Canyon gives 1,700 to 2,000 feet, but there are so many
local variations in strike and dip that there are many chances for error in this estimate. The
thickness of the limestone in Yellowstone Canyon is certainly much greater, but the entire
exposed width was not studied, and the lower part of the limestone is concealed beneath thick
bodies of Eocene conglomerate. In Oak Creek Canyon the exposed thickness is at least 3,500
and may be over 4,000 feet.

Fossils collected from the upper cherty limestone beds on the west slope of the range,
2} to 3 miles northeast of Leamington station, were determined by G. H. Girty, of the United
States Geological Survey, as follows: ‘

Crinoid stems, large and numerous. Spirifer centronatus,
Zaphrentis sp. Spirifer incertus?
Schuchertella chemungensis? Syringothyris carteri.
Schizophoria swallowi? Cliothyridina aff. sublamellosa.

Another lot, collected at a horizon much lower stratigraphically, in the saddle between the
two main ridges of the range, about 24 miles north of Parley station, contains Spirifer centro-
natus and Composita humilis. Mr. Girty states that the first lot “is clearly of lower Missis-
sippian or Madison facies,” and that the second lot ““is less diagnostic, since there are two
Pennsylvanian species very similar to the only two comprised in the collection. but since the
latter occurs below the first it must needs be Madison also.” Fragments of fossils similar to
those listed above were noted in Yellowstone Canyon in the upper part of the limestone.

The fossils prove the upper 1,700 to 2,000 feet of the limestone to be of lower Mississippian
or Madison age. Lower portions may prove, on close study, to be older than Mississippian.
In the Tintic district, 12 miles north of the Canyon Range, limestone of Mississippian age is
2,000 to 2,250 feet thick and is uunderlain by 4,400 to 4,600 feet of Cambrian and Ordovician
limestone. In the southern Wasatch Mountains similar conditions are found, but only 2,400 or
2,500 feet of the older limestounes are present. These two sections are the basis for the sugges-
tion that the lower part of the limestone in the Canyon Range may be of pre-Mississippian age.

QUARTZITE.

The quartzite of the Canyon Range is exposed along the western half of Sevier Canyon
and extends continuously southward well beyond Oak Creek. South of the divide between
the Yellowstone and Fool Creek canyons the quartzite constitutes the summit and entire
western slope of the range, with the exception of the faulted band of limestone (p. 53) across
Oak Creok.

The quartzite as a rule is of fine, even grain and varies in color from nearly white to light
and dark brown or reddish brown. Some of its beds are greenish. Its general appearance is
very similar to that of the thick Cambrian quartzite exposed in the Tintic district and at several
places along the Wasatch Range, thus accounting for the fact that the quartzite has heretofore
been regarded as of Cambrian age.

The quartzite contains a conspicuous and persistent dark-reddish finely banded member,
400 or 500 feot thick, which is a convenient horizon marker and indicator of the geologic struc-
ture. (See figs. 6 and 7.) The northernmost exposure of this member is on the south side
of Sevier Canyon, near its mouth, where it stands vertical in a pinched synclinal trough of
southwesterly pitch. It was not traced southward across Wood and Yellowstone canyons
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but is undoubtediy present in that part of the range. South of Yellowstone Canyon the red
member follows the west edge of the range almost as far south as Fool Creek. It then swings
southeast, crossing the lower part of Fool Creek canyon, and following an undulating course,
probably passing north and east of Fool Creek Peak, the highest peak of the range. South
of Fool Creek canyon the red member is probably present in the western part of the range, but
was seen only in the vicinity of Oak Creek. North of Oak Creek canyon it is again prominent
along the west edge of the range and is exposed in a very gentle anticline for a considerable
distance along both wallsof the canyon, from a point near itsmouth to thefirst north branch. Here
a sudden steepening of the easterly dip carries it below the surface, but it reappears about a
mile farther up the canyon a short distance west of the limestone band. It again appears in
the trough of a gentle syncline on the north slope of the canyon near its head. It was not
followed south of Oak Creek canyon.

Elevation
5,000 feet

Elevation
'5.000feet

Approximate scale
1 Y 0 ! 2 Miles
\ L A L L

FigURE 6.—Generalized section along north (a) and south (b) sides of Fool Creek canyon, Utah. 1, Tertiary conglomerate and sandstone; 2, Car-
boniferous quartzite; 3, red member of the quartzite; 4, Carboniferous limestone; 5, limestone lentil in quartzite.
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FIQURE 7.—Generalized section along north side of Oak Creek canyon, Utah. 1, Tertiary conglomerate and sandstons; 2, Carboniferous quartzite;
3, red member of the quartzite; 4, Carboniferous limestone.

One lens of gray limestone, mentioned on page 53, was noted on the north side of Fool
Creek canyon. Detailed study may prove the presence of several such lenses.

The entire thickness of the quartzite was at no place exposed, owing to erosion of its upper
portion. On the north side of Fool Creek canyon (fig. 6) the thickness of the exposed vertical
strata on the east limb of the close anticline appears to be at least 5,000 feet. Elsewhere the
variations in dip prevented a closer estimate.

No fossils were found in the quartzite, but its apparent conformable position above lime-
stone of Madison age suggests that its lower part at least is Mississippian. Its upper part
may be Pennsylvanian. A similar quartzite of great thickness, containing some limestone
beds, forms the greater part of the West Tintic Mountaius, the southern end of which is almost
connected with the northwest end of the Canyon Range, and the writer has found upper Missis-
sippian fossils in the limestone beds. Correlation, therefore, with this quartzite fixes the
age of the quartzite of the Canyon Range as upper Mississippian.
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The upper Mississippian studied by the writer in the Tintic Mountains north of the Canyon
Range and east of the West Tintic Range consists of a thick series of alternating limestone, shale,
and sandstone or quartzite beds. The same series, 5,000 to 6,000 feet thick, is present in the
southern part of the Oquirrh Range,! and is overlain by the thick Bingham quartzite, which
has been referred by Girty to the Pennsylvanian series.? In the Wasatch Mountains the same
intercalated series of limestones, shale, and sandstone is overlain by the Weber quartzite of
Pennsylvanian age. These data indicate a transition northward and eastward from quartzite
into strata composed largely of limestone and shale, and suggest that in late Mississippian and
Pennsylvanian time the deposition of siliceous sediment was extended northward and eastward,
overlapping the intercalated beds of limestone, shale, and sandstone.

EOCENE CONGLOMERATE.,

The Eocene conglomerate is almost wholly confined to the east half of the range. A few
small outliers were noted on the higher spurs north of Fool Creek, and their approximate posi-
tions are shown in figures 4
and 6. A considerable area,
in which the rocks are very
poorly exposed, was traversed
along the low foothills north

of the town of Oak Creek.
In the principal area the
Eocene consists of light-gray
and red beds of conglomerate
and sandstone, the conglom-
erate pebbles including lime-
stone, quartzite, and chert.
The western boundary of the
principal area is exposed in
Sevier Canyon near its north-
ernmost point, where a coarse
F1GURE 8.—Eocene conglol::xe:r(;\toof ;ei;::g ws::n;xg:\:;e:' :I‘ti:;i?s‘ppm (or older) limestone, at conglomerate rests . uncon-
formably on quartzite. On
both sides of the canyon the boundary can easily be seen from a distance, owing to the
marked contrast in color between the younger and older formations. South of the canyon
the Eocene beds rest on the upturned lower Mississippian limestone and form the crest and
upper west slope of the range along the heads of Wood and Yellowstone canyons. (See fig. 8.)
North of Fool Creek Peak the west boundary crosses the summit and extends along the eastern
slope as far as the saddle at the head of Oak Creek canyon, where the contact is well exposed,
the Eocene beds, with a dip of about 10° E., abutting against a steep erosion surface of quartzite.

This relation of dip to contact indicates a very uneven pre-Eocene topography.

The Eocene beds at the top of the saddle have disintegrated into loose cobbles and pebbles,
with only scattered remnants of solid conglomerate. This disintegrated area lies between
quartzite summits and is further indication of the unevenness of the Eocene topography.

The small outliers north and south of Fool Creek were recognized from a distance by their
characteristic red color and by their rounded weathered surfaces, which sharply contrasted
with the angular surfaces of the surrounding quartzite. The outliers occupied depressions
between quartzite summits, suggesting that the basal portion of the Eocene conglomerate
was deposited in strike valleys. (See fig. 6.) The existence of these pre-Eocene strike valleys
at the heads of present strike valleys suggests that the present drainage is essentially the same
as in pre-Eocene time, and may thus account for the shapes of the canyons, which, as already
remarked (p. 52), are unusually broad in comparison to their lengths.

1 Spurr, J. E., Economic geology of the Mercur mining district, Ctah: U. 8. Geol. Survey, Sixteenth Ann. Rept., pt. 2, p. 377, 1896.
1 Boutwell, J. M., Economic geology of the Bingham mining district, Utah: U. 8. Geol. Survey Prof. Paper 38, appendix, p. 387, 1905.
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The rocks which form the low foothills north of Oak Creek are almost completely reduced
to a loose mass of limestone, quartzite, and chert cobbles, with a few remnants of consolidated
conglomerate. These remnants furnish the clue to the origin of the foothills, which without
them could not be explained, as the foothills are bounded on all sides by steep slopes and bear
no direct relation whatever to the Quaternary alluvial deposits. The presence of the Eocene
material in these deposits is presumably due to the sinking of a block during the faulting period
when the Basin Ranges were developed. This occurrence extends the western boundary of
Eocene deposition somewhat farther westward than has heretofore been indicated.

As only the eroded western edge of the Eocene beds was studied no idea of its thickness
was gained. The beds are assigned to the Eocene by correlation with similar strata in the
southern Wasatch Mountains ! and in the ranges immediately east of the Canyon Range.?

QUATERNARY DEPOSITS.

The Quaternary deposits include the Lake Bonneville beds of clay and marl deposited in
Pleistocene time and the overlying alluvial deposits at the mouths of the canyons. The Lake
Bonneville beds are terraced by Sevier River and are well exposed at Leamington and along the
sides of Sevier Canyon, as shown in Plate IX. No special attention was given to these deposits
by the writer, and the reader is referred for further information to Gilbert’s monograph.®

YOLCANIC ROCKS.

No volcanic rocks were seen at close range. From a distance a bed of dark columnar
volcanic rock was seen overlying Eocene beds northeast of the canyon, and its approximate
location is shown in figure 6. Volcanic rocks are said to be abundant in the extreme northern
part of the range, and porphyry dikes are reported along Dry Canyon, south of Oak Creek.*

STRUCTURE.

The Carboniferous rocks are characterized by a few major folds with steep dips, by several
intervening minor folds with gentle dips, and by a prominent strike fault which appears to be
coincident with a broken anticline. The northernmost major fold is the unsymmetrical syn-
cline of southwesterly pitch, whose axial plane is nearly parallel with the western half of Sevier
Canyon. Its northwestern limb has a moderate dip, 25° to 40°, which becomes lower away
from the axis, passing into an area of prevailingly monoclinal structure, though the general
low and regular inclination of the beds is interrupted by several inconspicuous anticlines and
synclines. The southeast limb is nearly or quite vertical along Sevier Canyon, but along Wood
and Yellowstone canyons its prevailing dip is near 45°.

In Fool Creek canyon an anticline and syncline with north-south axes are exposed. (See
fig. 6.) On the north side the details of the structure are not very clear. The moderate
westerly dip of the quartzite changes eastward to vertical, the latter persisting for about 1%
miles and then gradually changing to a moderate westerly dip, which continues eastward
probably to the crest of the range. The only clue to the structure is given by the red quartz-
ite member, aided by comparison with the simpler structure on the south side of the canyon,
which shows the strata to be folded into a close anticline of vertical dip and an unsymmetrical
syncline with vertical west limb and moderately dipping east limb. Detailed study, however,
may show the vertical strata to be more complexly folded than figure 6 indicates. The struc-
ture on the south side of the canyon (fig. 6) needs no special comment. The lengths of these folds
are not definitely known, but the anticline may extend as far north as the rim of the south fork
of Yellowstone Canyon, where the uppermost limestone beds stand nearly vertical. That the lime-
stone is probably not far below the surface where the anticline crosses Fool Creek may be inferred

1 Loughlin, G. F., Jour. Geology, vol. 21, p. 448, 1913,

1 U. 8. Geog. Burveys W. 100th Mer., atlas sheet 50.

3 Gilbert, G. K., Lake Bonneville: U. 8. Geol. Survey Mon. 1, pp. 104, 166, 192, and 193, 1800.
4 Oral information by James Overson, of Leamington, Utah.
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by the proximity of the red member of the quartzite to the top of the limestone in Sevier and
Oak Creek canyons.

Between Fool Creek and Oak Creck canyons several minor folds can be seen from the
western foothills. In the lower part of Oak Creek canyon a gentle anticline with limbs dipping
about 10° is well exposed. About 2 miles above the mouth this passes into a syncline, both of
whose limbs dip 60° to 70°. The syncline, however, is not symmetrical. (See fig. 7.) The
west limb is relatively small, but the east limb is at least 1} miles in horizontal width and brings
the limestone to the surface. The limestone is bounded on the east by the strike fault already
mentioned, which separates it from quartzite of gentle easterly dip. The actual fault plane or
zone is concealed, but the dips of the strata to either side of it north of the creek suggest a
compression fault. (Seefig. 7.) The fault appears to die out both southward and northward.
Northward it appears to pass into an anticline whose axis is in the limestone; southward its
relation to folding is not so clear, as the axes of the folds there swing southeastward and the
trend of the fault is obscure. East of the fault the quartzite is folded into a rather gentle
syncline and anticline, the anticlinal axis lying just east of the crest of the range.

The character of the folds show that in the central and southern parts of the range the domi-
nant compressive force was eastward, whereas in the northern part the prevailing force was
northwestward. No explanation of this difference in direction is warranted from so brief a

study of this limited area.
GEOLOGIC HISTORY.

The geologic history of the Canyon Range may be summarized as follows: Deposition of
limestone in early Mississippian and perhaps in still earlier time were followed by deposition of
quartzite which continued during later Mississippian and possibly Pennsylvanian time. The
next recorded event was the folding of these sediments, which presumably took place during
the post-Jurassic upheaval that affected a great part of the Cordilleran region. The period of
folding was followed by one of erosion, during which the rocks were dissected into ridges and
valleys generally similar to those of to-day. The steep east slope along the southern part of
the range, against which the Eocene strata are banked, was evidently formed at this time, and
it is probable that a pronounced valley was developed in the Sevier Canyon syncline. Deposi-
tion during this erosion interval is represented by Cretaceous strata in the country to the south
and east of the Canyon Range, and it is possible that the lowest beds called Eocene in the
Canyon Range are Cretaceous. This deposition continued in the Eocene, during which the crest
of the range was probably entirely covered by conglomerate and sandstone. The volcanic rocks
were erupted in late Eocene or post-Eocene time.

The volcanic epoch was followed by the period of profound faulting in late Tertiary time
which developed the Basin Ranges. One of these faults extends along the west base of the
range, separating it from another block which moved downward and has left only its cap of
disintegrated Eocene conglomerate above the present surface. A period of rapid erosion fol-
lowed, during which all the Eocene strata were removed from the west side of the range save
a few remnants which occupied the heads of old north-south valleys. During this combined
period of uplift and erosion, Sevier River eroded its channel through the soft Eocene rocks fast
enough to maintain its course. After it had worn through the Eocene strata which formerly
existed on the west side of the present range its course was guided by the pronounced southwest-
pitching syncline, along which, as was just suggested, a valley may have existed in pre-Eoccne
time.

During a late stage in the crosion period, after the outline of the range was developed into
virtually its present form, the surrounding lowlands were covered by the waters of Lake Bonne-
ville, which at their highest (Bonneville) stage occupied Sevier Canyon and formed a land-
locked bay on the east side of the range. It was in this stage that the fine material of the
lake beds was deposited. Later, during the Provo stage of the lake, the waters lowered until
they receded from the canyon, and Sevier River resumed its course, cutting its channel into
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the lake beds and building a low delta from Leamington southwestward to Deseret. Final
recession of the lake watersleft the topography essentially as it is to-day. The only noteworthy
work of subsequent erosion was the further cutting of the Sevier channel through the newly

formed delta. .
ORE DEPOSITS.

Ore deposits thus far worked or prospected in the Canyon Range comprise only a few
small bodies of lead or lead-zinc ore in Wood and Yellowstone canyons and some quartz veins
stained with copper carbonates near Fool Creek and Dry canyons. Only two properties, so
far as the writer has learned, have shipped ore.

LEAD AND ZINC.

Y ellowstone mine.—The Yellowstone mine is located in the south fork of Yellowstone Canyon,
about 4 miles southeast of Leamington. The workings include an inclined shaft 200 feet deep,
following the dip of the limestone, about 60° W., and drifts at the 50, 100, and 170 foot levels.
The country rock includes the uppermost beds of limestone. The ore forms small replacement
bodies along the intersection of one of the limestone beds by fissures. On the 50-foot level small
bodies were stoped along the intersection of the bed with a north-south strike fissure and one
body where the bed was somewhat shattered at the intersection of the strike fissure and an
east-west cross fissure. The 100-foot level was inaccessible. The 170-foot level follows the
contact between a shale and limestone bed, along which there is a zone of veinlets, consisting
chiefly of spar (dolomite and calcite), which are said to assay 3 to 4 per cent lead.

The ore stoped consisted principally of galena and cerusite (lead carbonate) in a gangue
of ferruginous dolomite and calcite spar. A little secondary aragonite was noted on a crust
of fibrous calcite that lined a pocket along the strike fissure on the 50-foot level. Assays of the
ore have run from 30 to 65 per cent lead, the higher grade carrying 5 to 6 ounces of silver. A
little gold has also been reported. The mine has been worked intermittently and has shipped
only about 15 carloads of ore in over 20 years. No zinc has been found.

Arbroath mine.—The Arbroath shaft is situated about an eighth of a mile north of the
Yellowstone, in a low spur which separates the south fork from the north fork of Yellowstone
Canyon. The writer did not gain access to the mine, which was idle, but the material on the
dump showed the mineralization to be of the same type as that of the Yellowstone mine. The
ore thus far found during assessment work is reported to be of two grades, the higher carrying
76 per cent lead and 9 ounces silver, and the lower 10 to 11 per cent lead and 1 ounce silver.
Only a small quantity of ore has been found thus far.

Wood Canyon group.—The Wood Canyon group of claims is situated on the north side of
Wood Canyon and includes the uppermost beds of the limestone formation. The mineralized
outcrop is a brown, rust-stained dolomitic bed, containing a large amount of ferruginous dolo-
mite spar, white where fresh and brown where weathered, through which are scattered grains
of galena and yellowish-brown zinc blende. The stained rock is closely associated with two
fissures, one tending north-south and the other of S. 55° E., both of whose outcrops are marked
by shallow gulches. Plans for dry concentration of the ore were being considered in the summer
of 1913. No assays, either of crude ore or concentrates, had been made.

COPPER PROSPECTS.

A small copper prospect in quartzite is situated on the low ridge just north of the mouth of
Fool Creek canyon. The mineralized material thus far found is white vein quartz with numer-
ous minute fractures stained by films of green and blue copper carbonates, with small spots and
patches of dark brown iron oxide evidently derived through oxidation of pyrite and chalcopyrite.

Other copper and lead prospects have been reported along Dry Canyon, south of Oak Creek,
but the writer’s attempts to get in touch with the owners were not successful, and he could learn
nothing further in regard to the deposits.

37183°—15——5
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COMPARISON WITH ORES OF OTHER DISTRICTS.

The lead and lead-zinc ores above described are similar in mineralogy and mode of occurrence
to certain ores in the North Tintic, East Tintic, Santaquin, and Mount Nebo districts. These
ores, which as a rule occur rather remote from important bodies of intrusive igneous rock, con-
sist essentially of galena, zinc blende, and more or less pyrite, or oxidation products of these
sulphides, with gangues of dolomite and calcite, and only minor amounts of quartz. Their
silver content is low, averaging as a rule 3 to 5 ounces, but in some deposits rising as high as
8 to 10 ounces per ton. The sizes and shapes of ore bodies vary according to conditions; strong
fissures may contain continuous veins; permeable beds of pure limestone may be rather exten-
sively replaced ; but argillaceous and dolomitic beds have yielded only small bodies of high-grade
sre and a few more extensive bodies of milling ore. The ore bodies of the Canyon Range are
no exception to this rule. Those mined up to the present have replaced dolomitic limestone
beds along their intersections with narrow fissures and are small or of low grade. The higher-
grade ore bodies when found may be mined at no great expense, but the cost of prospecting for
new bodies after old ones have become exhausted is likely to equal or exceed the net receipts
from ore sales.

In some of the districts above named there are small copper prospects near the lead and
zinc mines. These, according to the writer's experience, are quartz veins containing chalco-
pyrite and pyrite or their oxidation products and are confined to the siliceous rocks—quartzite,
schist, or granite. The copper prospects of the Canyon Range may, from the meager knowledge
available, be classed with this type. Veins intermediate in composition between these and the
lead and zinc deposits have occasionally been found, and suggest that the two types were derived
from a common source. None of these copper-bearing veins, to the writer’s knowledge, have
yielded steady shipments of ore.




THE MONTANA GROUP OF NORTHWESTERN MONTANA.

By EUGENE STEBINGER.

INTRODUCTION.

Recent field work has shown that the formations of the Montana group in and near the
Blackfeet Indian Reservation of northwestern Montana are very different from those of the
type area of the Judith River and associated formations on Missouri and Musselshell rivers,
in the central part of the State, but similar to the formations in southern Alberta as described
by Dawson. They seem to deserve special description not only because they present new
evidence regarding the relations of the Belly River formation of Canada to the Judith River
formation, but also because they indicate the varying geographic conditions that prevailed
during Cretaceous time in this region. Furthermore, the stratigraphy as interpreted affords
an excellent example of variation in sedimentation from the seaward to the landward side of a
zone of deposition.

The Montana group, as here described, was first studied by the writer in the summer of
1911, along Cut Bank Creek and Two Medicine River on the Blackfeet Indian Reservation,
in company with Mr. T. W. Stanton, who has already briefly described some of the features
of this region'® and to whom the writer is much indebted for paleontologic determinations
which, especially those for the marine formations encountered, were of great assistance in
interpreting the stratigraphy. During the next two seasons these formations were traced
northward into the type area of the Belly River beds, described by G. M. Dawson ? in 1885,
and eastward into an area of the Judith River formation, as definitely determined by Stanton
and Hatcher® in 1903. The interpretation of the field relations presented is therefore based
primarily on the areal tracing of the formations, although every conclusion was substantiated
by paleontologic evidence.

FORMATIONS CONSTITUTING THE MONTANA GROUP.

SECTION ON TWO MEDICINE RIVER.

A section showing the complete sequence of the formations of the Montana group in north-
western Montana is exposed along the valley of Two Medicine River in the southern part of the
Blackfeet Indian Reservation, and because of its completeness and of the excellence of the
exposures is offered as a standard for the region. The section extends westward upstream
from the mouth of the river, in T. 31 N., R. 5 W, to a point about 3 miles above the Holy
Family Mission (Family post office), in T. 31 N., R. 9 W. Throughout this distance, about 35
miles, the formations either lie nearly flat or dip slightly westward at an angle rarely exceeding
3°.  As the river runs nearly at a right angle to the strike, it crosses the formations in succession
from younger to older. On the whole the locality is almost ideal for a study of the formations,
the structure being simple and easily determined and the rocks perfectly exposed throughout
most of the distance in the minutely carved badlands along the sides of the valley.

1 Stanton, T. W., Some variations in Upper Cretaceous stratigraphy; presidential address before the Geological SBociety of Washington, 1912:
Washington Acad. 8ci. Jour., vol. 3, pp. 66-69, 1913.

2 Report on the region in the vicinity of the Bow and Belly rivers, Northwest Territory: Canada Geol. Survey Rept. Progress for 1882-1884,
PP- 1-109¢.

8 Stanton, T. W., and Hatcher, J. B., Geology and paleontology of the Judith River beds, with a chapter on the fossil plants by F. H. Knowlton:
U. 8. Geol. Burvey Bull. 257, pp. 51-53, 1905.
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From the top of the Colorado shale, which is readily recognized by its characteristic marine
fauna and general appearance, the rocks naturally group themselves in ascending order into
four lithologic units—(1) a massive gray sandstone, chiefly marine; (2) a rudely bedded mass
of clay and sandstone, chiefly a fresh-water deposit; (3) a dark marine clay shale; and (4) a
massive gray sandstone, brackish and marine. Nos. 1 and 3 correspond to the Virgelle sand-
stone, as the lower sandstone member of the Eagle sandstone has recently been designated,’
and to the Bearpaw shale of the Missouri and Musselshell river section in central Montana,
whereas Nos. 2 and 4, formations hitherto not recognized, whose stratigraphic equivalents
elsewhere are represented by formations having different limits and lithology, are here named
the Two Medicine formation and Horsethief sandstone. The important details of the section
are shown below.

Formations of the Montana group of northwest Montana exposed on Two Medicine River between its mouth and Family
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VIRGELLE S8ANDSTONE AND HORSETHIEF SANDSTONE.

Both these formations are composed of massive gray to buff sandstone, and although they
are 2,500 feet apart stratigraphically they are so nearly identical that they can best be described
together. Each seems to be a sandy beach or near-shore deposit laid down in a retreating sea,
the Virgelle representing a great recession of the Colorado sea at the close of Colorado time
and the Horsethief representing an even greater recession at the close of Pierre time. The two
are therefore genetically identical, each being a sandstone laid down on a marine shale in a
retreating sea. Similar rocks are associated with both of these formations, each being overlain

1 Unpublished report by C. F. Bowen entitled * The stratigraphy of the Montana group” (U. 8. Geol. Survey Prof. Paper 90-I), from which
the following definition is quoted: ‘‘ The name Eagle sandstone was given by Weed (U. 8. Geol. Burvey Geol. Atlas, Fort Benton folio, No. 55)
to the formation overlying the Colorado shale in north-central Montana and typically exposed on Missouri River at the mouth of Eagle Creek, 40
miles below Fort Benton. In the type locality the formation as defined by Weed consists of three more or less distinct units, comprising an
upper member of thin-bedded sandstone, a middle member of shale, and a lower member of massive ledge-making sandstone. This lower mem-
ber is so persistent and characteristic over a large area in north-central Montana, even where the other divisions of the formation are not recog-
nizable, that it seems desirable for purposes of description and correlation to give it a name. It is well exposed along Missouri River from
the town of Virgelle, a few miles below Fort Benton, eastward, and the name Virgelle sandstone member of the Eagle sandstone has therefore
been adopted by the United States Geological Survey for this division of the formation. The Virgelle sandstone member is the lower massive
ledge-making sandstone of the Eaglesandstone as defined by Weed.”” In northwestern Montana the Virgelle sandstone is recognized as a distinet
formation, and the overlying Two Medicine formation includes the equivalent of the remainder of the Eagle sandstone.
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by a thick mass of continental deposits, apparently conformable and very similar in composition
and appearance.

In the section along Two Medicine River the Virgelle sandstone rises in bold cliffs above
the few feet of sandy shale that form the uppermost beds of the Colorado group exposed
at the mouth of the river. From this point the sandstone, dipping very slightly westward, is
continuously exposed upstream for a distance of 8 miles, forming a narrow, steep-walled canyon
several hundred feet deep, which is a little-known but picturesque feature of this part of Mon-
tana. Similarly the Horsethief sandstone, where it is cut through by Two Medicine River just
above Family post office, also stands out in bold cliffs over 300 feet high. »

The principal fossils found in these sandstones are invertebrates, although in many places
both the formations, especially the Virgelle, seem barren. The Horsethief sandstone (named
for Horsethief Ridge, in the Blackfoot quadrangle) has yielded both marine and brackish water
forms. The brackish water forms are mainly oysters, which are locally very abundant; the
marine forms belong to the Fox Hills near-shore fauna, the dominant species being Tancredia
americana and Cardium speciosum. On Two Medicine River the Virgelle sandstone is appar-
ently unfossiliferous, but elsewhere it is known to contain a marine near-shore fauna.

TWO MEDICINE FORMATION.

The Two Medicine formation, which lies immediately above the Virgelle sandstone, is a
great mass of light-colored rocks about 2,000 feet thick, consisting mainly of typical conti-
nental deposits. From the upper end of the canyon in the Virgelle sandstone, in T. 31 N,
R. 5 W., nearly all the formation is excellently exposed in badlands that extend for 20 miles
upstream to the mouth of Badger Creek, in T. 31 N., R. 8 W. It is composed principally of
light-gray to greenish-gray clay and clay shale, so rudely bedded that it is impossible to follow
a given stratum for any great distance. In places the beds of clay are variegated, red and
yellow strata appearing. Thin nodular and nonpersistent limestone, apparently of fresh-
water origin, also occurs at irregular intervals. Probably 20 per cent of the total mass of the
formation is made up of soft coarse-grained sandstone in lenticular beds which, even where 20
to 30 feet thick, can not be traced more than 1 or 2 miles. At many localities these sandstones
show the very irregular cross-bedding that is characteristic of eolian deposits. The lower 200
feet of the formation is more sandy than the remainder, probably half of this part consisting of
massive sandstone in irregular beds, the thickest measuring 50 feet.

A well-developed vertebrate fauna, chiefly dinosaurs of Judith River types, occurs in this
formation. = The abundance of fossil bones, especially in the upper 200 feet, is unusual. C. W.
Gilmore,! of the United States National Museum, who spent the season of 1913 in collecting
from these beds, noted parts of 13 different individuals of dinosaurs in the course of a single
day’s field work. Much of the material collected by him is new and will add greatly to our
knowledge of the Cretaceous reptiles. Fragments of fossil wood and many complete sections of
tree trunks are also very common throughout the formation. All the plant remains collected
were identified by F. H. Knowlton as ‘“Belly River or Judith River.”

The fossil shells found in the Two Medicine formation also indicate that it is essentially of
continental origin, Unio, Viviparus, and other fresh-water genera being found at many horizons.
In the lower, sandy part of the formation, as well as at the top, there are local thin brackish-
water beds with Ostrea, Corbula, &and Corbicula. A fauna indicating & temporary incursion of
purely marine waters while the formation was being deposited occurs in a sandstone about 200
feet above its base and has already been characterized by Mr. Stanton? as a Claggett-Fox Hills
fauna. It is almost identical with the fauna found at the top of the Horsethief sandstone, a fact
that shows that it existed in the shallow-water portions of the Pierre sea throughout nearly
all Montana time.

1 Personal communication.
2 Stanton, T. W., Some variations in Upper Cretaceous stratigraphy: Washington Acad. Sci. Jour., vol. 3, p. 66, 1913.



64 SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1914,
BEARPAW SHALE.

The Bearpaw shale is & typical dark marine clay shale averaging 500 feet in thickness in
this part of the State. The change in the character of the rocks from the Two Medicine forma-
tion to this one is very abrupt, there being practically no transition beds near the contact, and
although shallow water must have existed for some time at this horizon while the Bearpaw sea
was advancing, no trace of the marine fauna of Fox Hills facies, noted in the Two Medicine
formation and above in the Horsethief sandstone, has yet been found here. Invertebrate
fossils are abundant in concretions throughout the shale and are of characteristic Pierre types,
allowing fairly close and certain correlation with the Bearpaw shale of central Montana.

RELATIONS OF THE MONTANA GROUP TO THE BELLY RIVER AND JUDITH
RIVER FORMATIONS.

The age of the Judith River formation and its correlation with the Belly River formation
of Canada have been under discussion, mainly by paleontologists, ever since the Judith River
beds were first studied. Nearly every worker who during the last 40 years has been interested
in the Cretaceous formations of the Rocky Mountain and Great Plains regions has taken part
in this discussion, the extensive literature of which has been thoroughly reviewed by Stanton
and Hatcher.! In 1902, on the publication of Lambe and Osborn’s report ? on the vertebrate
fauna of the Belly River formation, the controversy * was revived with renewed vigor. So
great a difference of opinion was developed during the following winter that Stanton and
Hatcher decided on a joint field investigation, which they made in the summer of 1903. The
results of their work were published first in a preliminary note ¢ and later in a detail report.
They determined the succession of formations in the Montana group for the central Montana
region, which has since been found to extend over a large area, and proved the Cretaceous
age of the Judith River formation. Then, by means of practically continuous exposures, they
traced the Judith River formation into the extreme southeastern part of the large area of
Belly River beds, as originally mapped by G. M. Dawson.® This led to their second impor-
tant conclusion, namely, that the Belly River formation and the Judith River formation are
of identical age. Their conclusions were generally accepted as having satisfactorily answered
this much-discussed question in Cretaceous stratigraphy. There was no reason to suspect that
the type section of the Belly River beds as described by Dawson, occurring on Belly River,
was different from that in the locality into which they had traced the Judith River forma-
tion. That these sections are different appeared only when the section here described was
examined and compared both with Dawson’s section and with the section of Stanton and
Hatcher on Missouri River.

In a recent paper ® A. C. Peale again raises the question of the age of the Judith River
formation. He does not deny the existence of the formations of the Montana group in central
Montana in the succession ae onginally described by Stanton and Hatcher, nor that they
extend over a large area ia central Montana, as proved by C. F. Bowen, R. W. Stone, and
other workers, but contends that beds originally called Judith River in the type area on the
Missouri near the mouth of Judith River are of Lance age and are not equivalent to the forma-
tions mapped as Judith River over a large part of Montana. Peale’s contention thus raises the
question of the cxact interpretation of the structure and stratigraphy in the small disturbed
type area at the mouth of Judith River, and if his view is substantiated the name Judith River,
as applied to the formation which has been so extensively mapped under that name, will be

1 Stanton, T. W., and Hatcher, J. B., Geology and paleontology of the Judith River beds: U. 8. Geol. Survey Bull. 257, pp. 14-31, 1905
12 On vertebrate of the mid-Cretaceous of the Northwest Territory: Lambe, L. M., New genera and species from the Belly River series (mid-
Cretaceous); Osborn, H. F., Distinctive characters of the mid-Cretaceous fauna: Canada Geol. Burvey. Contr. Canadian Paleontology, vol. 3, pl. 2,

1902.
3 Science, new s:r., vols. 16, 17, 18.
¢ Hatcher, J. B., and Stanton, T. W., The stratigraphic position of the Judith River beds and their correlation with the Belly River beds:

Bcience, new ser., vol. 18, pp. 211-212, 1903,
s Canada Geol. Survey Rept. Progress for 18%2-1884, pp. 1-169c.
¢ Jour. Geology, vol. 20, pp. 530-549.
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invalidated. Therefore, without entering into the question raised by Peale, it is important to
insist that the correlations made later in this paper refer to the formation mapped as Judith
River over nearly all of central Montana. ,

In the course of their stratigraphic study in central Montana, Stanton and Hatcher estab-
lished the succession shown in the following table:

Section of Cretaceous rocks in central Montana.

Thick-
Formation. Character of rocks and fossils. nresst'ln
o fee

wahale................. Dark clay shale with MATine fAUNA .. ..c.icieieeiaenaieeieneaeecreaceacncecnesnocsnecosaenssensansans 7507
Judith River formation........ Variableshale and soft sandstone with dinosaurs and other reptiles and fresh and brackish watershells. . 500
t fe oD......cannn.. Dark clay shale with several beds of sandstone emchlly in the upper part; marine fossils throughout, 400+
those of the sandstone including many Fox species.
Eagle sandstone. .............. ‘White, gray,and yellowish massive sangsume in lower and shale,coal, and thinsandstone inupper part. | 200-300

Contains marine shells, land plants, and dinosaurs.
Colorado shale................. Dark marine Shale. . ... ..ccuouniioe it iiiiiiiiatiiteiiittretieeaeneretreeasietaanctesanneinronnnns i 800+

On comparing this section with that on Two Medicine River, the Colorado shale, which
can be traced continuously from its outcrops on Missouri River to those at the mouth of the
Two Medicine and is also easily recognized because of its characteristic marine fauna and
appearance, affords a safe stratigraphic datum plane on which to base comparative sections.
First of all, the identification of the sandstone lying above the Colorado shale in the Two Medicine
section as the lower or Virgelle sandstone member of the Eagle is made fairly certain by both
its position and the fact that it also can be traced on the outcrop over the greater part of the
distance from the exposures on Two Medicine River to those on the Missouri at the type locality,
though its limits may vary slightly from point to point. The outcrop of this sandstone can be
traced without interruption in bold cliff exposures from the mouth of Two Medicine River to
the Sweetgrass Hills. From this locality to the outcrops of the Eagle, near Virgelle, on the
Missouri, the bedrock formations are completely covered with drift, but the continuity of the
sandstone over all of this distance is suggested by its presence in a well boringin T.34 N., R. 8 E.
The formation recognized as Bearpaw on Two Medicine River can not be traced to Missouri
River in the same manner because it has been eroded away between these localities, but fortu-
nately a characteristic marine fauna is found in the shale, which, together with the lithologic
appearance, thickness, and relative position of the formation above the Colorado shale, makes
its correlation with the Bearpaw shale of the Missouri River section about as certain as a corre-
lation of this sort can be. This leaves the Two Medicine formation occupying the entire interval
between the Virgelle sandstone and the Bearpaw, and it is therefore equivalent to all the strata
on Missouri River that make up the Judith River formation, the Claggett formation, and the
coal-bearing shale and sandstone forming the upper member of the Eagle sandstone.

In his report on the region in the vicinity of the Bow and Belly rivers Dawson ! established
the following section for the Cretaceous rocks occurring there:

Section of Cretaceous rocks near Bow and Belly rivers, Canada.

Thick-
Formation. Character of rocks. ness in
feet.
Fox Hills sandstone. .......... In some of the district well defined as a massive yellowish sandstane, but inconstant and appar- 80
ently oftenrepresented by a series of brackish-water transition beds between the Laramie and Plerre.
Plerreshales................... Neutral gray or brownish to nearly black shales, include a zone of pale soft sandstone in the north- 750
eastern of district and lreguent intercalations of harder sandstones near the mountains. Marine.
Belly Riverserfes............. Com, of an upper or ‘“pale’’ and lower or ‘“yellowish’’ portions, and consisting of alternations of 910
es, sandy clays, es, and clays.
Lowerdarkshales............. Gray to nearfy black shales, in places including arenaceousshales. ..............cccevcenniiannnnnnn... 800

This section was compared with the section on Two Medicine River and it was fortunately
found possible to trace all the members of the Two Medicine section due north to the equivalent
parts of the section in Alberta without interruption in the outcrops. The Colorado shale

1Canada Geol. Survey Rept. Progress for 1882-1884, p. 112-c.
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exposed at the mouth of Two Medicine River can be traced directly into an area near the inter-
national boundary mapped by Dawson as Lower dark shales. The Bearpaw shale can be traced
with equal facility into the shale mapped by Dawson as Pierre, and the Horsethief sandstone
into Dawson’s Fox Hills sandstone. The strata designated by Dawson the Belly River series
comprise all the rocks between his Lower dark shales and Pierre shales, so that if his Lower
dark shales are Colorado shale, and his Pierre shale is Bearpaw, it becomes evident that his Belly
River series, lying between these two marine shales, is equivalent to the Virgelle sandstone
and Two Medicine formation taken together, for they lie between the same two marine shales
and the formations are entirely conformable; or, carrying the correlations to Stanton and
Hatcher’s section on Missouri River, it is apparent, from the correlation between the section on
Two Medicine River and that on the Missouri, already made, that the Belly River formation
of Canada is equivalent to the Eagle, Claggett, and Judith River formations combined.

The correlations made by Stanton and Hatcher in 1903, by tracing the Judith River forma-
tion up Milk River into Canada to beds mapped as Belly River by Dawson, leading them to the
conclusion that the Belly River and Judith River formations were identical, are correct as far as
they had gone, as can be understood by reference to the diagram (fig 9). Starting from the sec-
tion in central Montana, they traveled northwestward, following the wedge of the Judith River
formation to a point on Milk River near Pakowki Lake in Alberta, where the section is as at
A in the accompanying diagram and there found Claggett shale beneath the Judith River
formation. But Dawson had already mapped the beds found in this locality as Belly River,
so that Stanton and Hatcher were justified in assuming the identity of the Belly River and
Judith River formations. Dawson had also seen and described the dark marine shale of the
Claggett near Pakowki Lake, but had erroneously correlated it with his Lower dark shales
(Colorado shale) of the area he mapped farther west, so that the formation he had mapped as
Belly River in the vicinity of Pakowki Lake included only a part of the Belly River formation
as he had defined it in his type area along Belly River.

Dawson’s error in correlating beds in different parts of the area originally mapped as Belly
River, although suspected by Stanton and Hatcher,' has apparently never been recognized by
Canadian geologists, for since the publication of Stanton and Hatcher’s report they have assumed
that the section of the Montana group occurring on the Missouri in central Montana was appli-
cable to all the area of southern Alberta up to the base of the Rockies. This seems evident from
a report by D. D. Cairnes, of the Canadian Geological Survey, on the Moose Mountain district,?
a tract lying adjacent to the mountain front in the ‘‘disturbed belt” on the west edge of the
large area originally mapped by Dawson. Cairnes has described Claggett shale from this
district, but, reasoning from our present understanding of the relations between the Judith
River and Claggett formations to the beds mapped by Dawson as Belly River, it seems highly
improbable that a lithologic unit equivalent to the Claggett shale exists at any point im the
western part of the area originally mapped by Dawson. Cairnes, because of the intricate struc-
ture of the foothill belt near the mountains, has probably mistaken areas of Bearpaw shale for
the Claggett, to which it is very similar both lithologically and in fossil content.

RELATIONS OF THE CONTINENTAL TO THE MARINE SEDIMENTS IN THE
MONTANA GROUP.

The formations at the locality on Two Medicine River described in this paper lie near the
western edge of the Cretaceous interior basin. (See index map on fig. 9, showing the Cretaceous
deposits of the interior basin of North America.) No areas west of this locality afford exposures
of the Montana group belonging to this basin, so that by comparing sections of the Montana
from the Black Hills region, the central Montana region, and the section on Two Medicine River,
all of which lie approximately on a straight line, we are able to present correlations of this part
of the Cretaceous from a point near the center of the Cretaceous basin to a point on the western

! Btanton, T. W., and Hatcher, J. B., Geology and paleontology of the Judith River beds: U. 8. Geol. Survey Bull. 257, pp. 24-25, 1905.
1 Moose Mountain district of southern Alberta: Canada Geol. Survey Bull. 968, pp. 26-29, 1907.
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edge of the strata as they now re-

advances and retreats of the sea on
the westward or landward side of
this basin, while marine conditions
to the east or seaward side remained
undisturbed. These were, as indi-
cated by arrows on the diagram,
first, a marked recession of the sea
during which the Virgelle sandstone
was laid down, followed immedi-
ately by the piling up of continen-
tal sediments which in the sec-
tion on the Two Medicine are repre-
sented by the strata at-the base of
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the upper part of the Claggett—was laid down. This recession was immediately followed by
a period of continental deposition, in which was formed the wedge of the Judith River
formation; then a second advance—the Bearpaw—much more extensive than the Claggett,
which, like the former advance, did not result in the deposition of any great amount of sand;
and, lastly, a third and very extensive recession, probably the final one for the western part
of the region considered, during which again a persistent and easily identifiable sandstone was
laid down, this deposition being followed immediately by the piling up of continental sediments.
The deposition of a sand upon each retreat of the sea in contrast to the practical absence of such
a sand on each advance is a notable phenomenon in this sedimentary record, and seems to indi-
cate that each retreat of the sea was accompanied by land uplift with an increase in stream
gradients and consequent coarsening of sediments and each advance by the opposite conditions.
The close similarity between these three sandy formations is further brought out by the fact
that they contain littoral marine faunas, those of the Fox Hills and Horsethief sandstones and
the sandstone at the top of the Claggett being practically identical and that of the Virgelle being
a direct forerunner of later faunas.

Above the Horsethief sandstone in the section on Two Medicine River there are light-
colored soft clayey and sandy strata, already referred to as of continental origin, that are identical
in appearance with the Belly River and Judith River strata. Although these rocks are younger
than Montana in age, they deserve mention here because they seem to complete for a third
time a cycle of sedimentation proceeding from purely marine to fresh-water or continental con-
ditions. The first of these cycles is from the marine Colorado shale, through Virgelle sandstone,
to the strata of continental origin in the lower part of the Two Medicine formation; the second
is from the marine shale of the Claggett, through the sandstone in its upper part to strata,
also of continental origin, comprising the Judith River formation; and the third is from the
marine Bearpaw, through the Horsethief sandstone, to the continental deposits above that
sandstone. The relations in each cycle between the continental deposits and the underlying
sandstone seem to be identical. The strata are apparently perfectly conformable and the
impression is very strong that the same conditions ruled in each transition from marine to land
conditions, or, in other words, the strata above the Horsethief sandstone are physically as closely
related to the Bearpaw shale as the Judith River formation is to the Claggett or the Two Medi-
cine formation to the Colorado shale. Now, these strata of continental origin above the Horse-
thief sandstone constitute the St. Mary River beds of Dawson, which occupy the same position
in the geologic column as the Edmonton formation of central Alberta and approximately that
of the Lance formation of Wyoming. The age of this formation is therefore involved in the
Lance-Laramie problem of North American geology, and in the opinion of the writer the fact
that in this part of the interior basin this formation, which seems to be equivalent to the Lance,
appears to be as intimately related stratigraphically to Cretaceous marine shale below it as are
similar continental deposits well down in the Cretaceous section to'a corresponding marine shale
should receive considerable weight in the consideration of that problem.

Lastly, the sedimentary record that has been described seems noteworthy because it shows
three successive marked recessions of a sea which are not known to have produced unconformity
or other hiatus in the stratigraphy—conditions commonly attendant on such recessions—but, on
the contrary, seem to have been followed immediately by sedimentation at an increased rate,
the strata deposited bearing conformable relations to the underlying rocks. The proper concept
seems to be that each recession of the Upper Cretaceous sea in the northern interior region of
North America was accompanied in extensive areas of lowlands on its margins not by uplift and
erosion but by uplift and an increased rate of sedimentation.



A DEEP WELL AT CHARLESTON, SOUTH CAROLINA.

By Lroyp WiLLIAM STEPHENSON.

INTRODUCTION.

A deep well at Charleston, S. C., completed in May, 1911, has furnished valuable informa-
tion in regard to the stratigraphy of the Cretaceous and younger deposits underlying that city.
The well is owned by the Charleston Consolidated Railway & Lighting Co. and is at the com-
pany’s gas works at the foot of Charlotte Street, near the shore of Cooper River. The well
samples and the well log from which the geologic data contained in this report were obtained
were sent to T. Wayland Vaughan, of the United States Geological Survey, by I. N. Knapp,
engineer in charge. The driller was H. O. Hendricks. Drilling was begun January 31, 1911,
and the well was completed May 15, 1911. The total depth of the well is 2,001 feet (2,007 feet
below the top of the casing).

METHOD EMPLOYED IN DRILLING.

The well was drilled by the hydraulic rotary method,' by which a drill pipe with a drill or
bit belonging to one of several types attached at the lower end is rotated by machinery and
at the same time water is forced down on the inside of the drill pipe to the bottom of the well
and up again to the surface between the outside of this pipe and the wall of the hole. The
materials loosened by the rotating bit are carried in suspension to the surface by the forced
current of circulating water. When the bit is penetrating loose, caving sands, the water,
before it is introduced into the-drill pipe, is mixed with clay until it forms a rather thick slush.
The pressure of the column of muddy water as it is being raised to the surface on the outside of
the drill pipe forces the slush into the interstices of the sands that form the wall of the boring,
thus plastering the wall and producing a sort of mud casing, which usually prevents serious
caving. It is expected that the material loosened by the bit and carried to the surface by the
ascending current will be mixed with the material used to form the slush and also with such
material as, in spite of the mud casing, may chance to cave from the walls of the boring. Sam-
ples of the mixture thus formed are obtained by passing the emerging stream through a series
of screens, or by catching the slush in a vessel and washing out the suspended materials. In
this manner fossils and fragments of the harder strata penetrated may be obtained. The
softer sands, clays, and marls invariably have their character changed and more or less obscured
by the mixing process. As the bit is rotated clay or limy mud frequently adheres to it; and
in this material fragments of rock or fossil remains are sometimes caught and when the drill
pipe is drawn from the well for the purpose of sharpening or renewing the bit samples of the
adhering mud and its contents may be procured.

Fossils obtained from a well drilled by this process, even if the material containing them
is & mixture derived from several geologic horizons, may still have definite value in correlation,
for a fossil must have come either from the depth at which it was taken or from some higher
level; it could not have come from a lower level. Therefore, if fossils characteristic of a cer-
tain zone are taken at a given depth the zone must have been penetrated at that depth or at
a higher level.

In the samples from the Charleston well there is evidence of considerable mixing due to
caving, but many of the samples contain fragments of rock which appear to reveal accurately
the character of the harder strata penetrated at the depths indicated, and many of them contain
fossils which appear to have come from approximately the depths indicated by their labels

1 A more detailed description of this method is given by Isalah Bowman in U. 8. Geol. S8urvey Water-Supply Paper 257, pp. 70-75, 1911.
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and which are sufficiently well preserved to permit their identification. Many of the samples
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F1GURE 10.—Diagram of well at Charleston, 8. C., show-
ing size of hole and length of casings inserted. All
the measurements of depths were made from the top
of the rotary jaws, which stood 6 feet above the sur-
face of the ground.

contain a mixture of shells of Pliocene or Pleistocene age,
originally derived from strata penetrated in the first 85

feet of the boring, the mixing having been effected in part -

through the slush used to form the mud casing and in part
by the caving of the walls of the well. The nature of the
fossils and their condition of preservation are such that most
of them are easily distinguishable from the older fossils,
obtained at greater depths, and for this reason they do not
interfere seriously with the interpretation of the remainder
of the section.

The diameter of the hole to various depths and the
size and length of casings inserted are indicated diagram-
matically in figure 10. The well was completed in 90
working days of 10 hours each, the time including that
required for inserting casing, fishing for lost tools, and
making all necessary repairs.

PRACTICAL RESULTS.
QUANTITY AND TEMPERATURE OF THE WATER.

The results of the undertaking are given in the fol- *

lowing statement, which is quoted in substance from the
original log furnished by I. N. Knapp, engineer in charge:

On May 16, the day after drilling was discontinued, clear water was
pumped into the well in the same manner that the slush was pumped
during the process of drilling. The temperature of the water emerging as
a result of the forced overflow thus procured was 66° F. A natural flow
soon started, and by evening the temperature of the water had increased
to 85° F. and it was flowing at the rate of 100 to 150 gallons a minute.

On May 17 the flow increased, as did also the temperature, and
fragments of shale and micaceous sand were brought up in suspension.

On May 18 the flow was irregular, varying with the amount of shale
and sand brought up in suspension.

On May 19 the water was flowing from the well at a rate sufficient
to fill a 50-gallon barrel in 15 seconds. The water was muddy and at
times carried much sand and shale in suspension.

On June 8 the temperature of the water as it emerged from the well
was 99.75° F. The flow of the water, which rose to a height of 11 feet
above mean low-water level, was sufficient to fill a 50-gallon barrel in 7
geconds, or at the rate of 617,143 gallons a day. The water would rise in
a pipe and flow a small stream at a height of 75 feet above mean low-
water level. The water was still somewhat muddy.

ECONOMIC VALUE OF THE WATER.

According to R. B. Dole, of the United States Geo-
logical Survey, the analysis indicates an extremely soft
water, softer than the waters from the Chisholm mill well
(depth, 425 feet) and the old Wentworth Street well (depth,
1,260 feet). (See analyses in table on p. 93.) The water
would deposit no scale in boilers and under ordinary con-
ditions would cause no corrosion; if too strongly concen-
trated by continuous evaporation it might cause foaming,
but this could be obviated by regular blowing off. Noth-

ing in the analysis indicates that the water would be harmful for drinking, though it doubtless

has a slight mineral taste.
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. The object in drilling the well was to obtain water for a boiler supply at the gas works and,
according to Mr. Knapp, a practical test has shown that the water is satisfactory for this

0S6e.
pirp SCIENTIFIC RESULTS.

THE WELL RECORD.

A record of the well, compiled from a set of well samples and a well log furnished by Mr.
Knapp, the engineer in charge, is given below. The fourth column gives the source of the
samples as recorded by the engineer and additional information furnished by him concerning
the character of the strata from which some of the samples were taken; the fifth column con-
tains the writer’s description of the samples; the sixth, seventh, and eighth columns constitute
the well log, which was prepared by Mr. Knapp as the drilling progressed and which records his
impression of the character of the materials penetrated.

The materials penetrated in the well are of marine origin and consist of sands, clays, marls,
and limestones. The sands are either soft, incoherent beds or layers in various stages of indu-
ration, the hardest being a quartzite-like rock. They are in greater or less degree calcareous.
Many of the samples are glauconitic and some are micaceous. The clays are likewise either soft
unconsolidated beds or layers in various stages of compactness, the hardest being almost shaly.
They are more or less calcareous and usually contain some mica. The limestones occur chiefly
in the Eocene portion of the section. Some of the layers appear to be fairly pure, but the rock
in most of the samples contains more or less sand. The drill penetrated many beds of shell marl.
R o o nartont Sirech nesr Cooper i, Chariston, 8. € 902 o7t o the company, Joot

[Engineer in charge, I. N. Knapp; driller, H. O. Hendricks. Drilling begun Jan. 31, 1011; well completed May 15, 1911.]

I

Dep:h n(tm' Me of Log of well furnished by engineer in charge.s
Age and Sample | which o tlond fur- | Author description of les.
lormat ur- [ Author’s sam '

formation. No. mglple nished by engineer P ial. Ehlck- Dol?thto
obtained.| 1D charge. feet. | in feet.

Length of casing protruding
Dark-gray, finely arenaceous above surface ogro

and micaceous clay, with a | Cinders, bricks, tar..... 10 16
few shells and fragments of | Layers of ,
lignite. blue clay, shells, with
roots and bits of wood.

1 40 | From overflow.b

Very coarse 'qunru sam(i s::}ll; An abam of

numerous fragments o n abundance broken 2 62
From overflow. .l!:glls‘ few well-preserved shells with sand.
shells,

: Chiefly 1 ents of shells
but con numerous well-
3 73-75 | From overflow. preserved shells. Ilr:cludes

Quaternary.
Pleistocene.
~
8

Plio-
w
B
]
£
13
H
)
g
;

Concentrated from tains smalP chunks of green-
82-83 overflow, ish-yellow sand and small

, Chunks of greemsms soft,
, slightly sandy ny}gﬂh-
i ceousF i Ie‘stone wdmold v;ilth

. 'oraminifera and nodules
5 86 ' Mud from bit. ofdark-gray calcareous phas-
phatic sandstone. (See list
l of Foraminifera in table on

pp. 79-80.)

Same as sample No. 5. (See | Layers of marl and some 88 150
102 | Mud from bit. list of Foraminifera in table ells with nodules of
' on pp. 79-80.) +  phosphate rock.

Greenish-gray calcareous sand
resembling Nos. 5 and 6 in
Mud or cuttings from color, with some Forami-
overflow. nifera and someshells. (See
list of Foraminifera in table
| on pp. 79-80.)

cene.
-

Tertiary.

7 200

Uppermust Eocene or Oligocene.
Cooper marl.
>

o All the measurements given in thi; record were made from the top of the rotary jaws as a datum plane. As the top of the rotary jaws was
6 feet above the surface of the ground the exact depth of the well below the surface Is 2,001 feet instead of 2,007 feet. The top of the rotary jaws
was 144 feet above mean low water level.

b The term overflow, as used in this well record, means the flow of water cmerging from the mouth of the well during the process of drﬂlinm
after its wuﬁw from the pumps, down the interior of the drill pipe, and up again to the surface between the outside of the dr
Ppipe an: wall o.
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Record of Charleston Consolidated Railway & Lighting Co.’s well, drilled in 1911 at the gas works of the company, foot
of Charlotte Street, near- Cooper River, Charleston, S. C.—Continued.

D'eg?):(.l? Method of obtaining | Logolwell shed by eng In charg
Age and Sample | which samples and other
formation. No. sample information fur- | Author’s description of samples., Thick- | Depth to
" | “was | QDished by Material. nessin | base
obtained. . . in feet.
!:‘; ) 8ame as samples Nos. 5 and 6;
(<] § }sonwnsw Fonmlnu(ega mﬂs :
3 ow wygods 00
3§§ of Foraml;l era in table on
p. 79-80.
i O b et
of the well near e
Rog 8 20 | Mud from bit. samples contain a few Re-
3 E cent, Pleistocene, or Plio-
Egi Soresomt sty herss roumtvies | Layers of marl with streaks 100 25
represent mix resu of mar
5%8 15 the Wpper 5 feet of the | Very hard whitish lime- 1 200
e U, e | Very wi
e © well.) pper stone.
Fragments of gray, rather soft
| Concentrated {rom Hme:tzmormﬁ'l' contains
9 262-263 | °“'ﬂ°':lh‘“‘ lime- [ Nodosaria cf. raphinistrum
, Stome . Cristellaria 1, 2, 8, 7, and 9.
Mud from bit; hard Chunks of lim
10 2 | M, about 6 of gray limy mud,
I incl:ieggﬁer Roar, derived from ﬁmestom
I lv‘ragm';on ents of n}her’ g:!t Ih’no-
Concentrated from | 3%06 Of mari with a fow
11 200 echinoid spines; oon!
overflow. also Nodosaria 3 and Cris-
tellaria 10.
Alternate layers of lime- 68 328
12 29 Mud from bit; hard | Chunks of gray limy mud de- stone and marl; hard to
lime rock. rived from tone. medium drilling.
ard rock 5 333
of sand l: gz
ents
13| usgso | Comomirated from rather soft limestone or marl ] 354
. overtiow. with a few echinoid spines.
1 Chunks of bluish-gray calca-
g Mud from bi sandy ith :imx's" ot
ud from bit; v mud, with c! of
= 14 361 | Cpig Y | Fark caloarecas | Medium bard rock........... 7 *1
probabl deriv from
A . sandy limestone.
(o)
E 15 S8ample missing.
@ Mud from bit; hard | Apperently a sandy limestone Exmlvally hard roock; 1 3%
) 16 362 | drilling, about 1inch to a fine white mud | drilled I inch per hour
.é per hour. y the bit. with fishtail bit.
Fragments of light-gray sand.
g& Concentrated f limestone vithalev! echhi
8 17 365 | Coneontrated from [ oid spines and fragments of
o : shells: contains also Nodo- | parg rock and fifnt. .. 9 m
g . Excessively hard rock . 1 3N
! Apparently a sandy limestone
= 18 375 | Mud from bit. Pround fo a fine gray mud
y the bit.
Chunks of gny pgrou.s mle:
reous sandy mud, apparen
19 395 | Mud from overflow. Iy  sandy ,mawnlgmd Hard white limestone....... 2 %2
and mixed by the bit.,
Fragments of lightgray sandy
20 395 Oc:,m:te d from ;i:;leﬁtone with fragments of | Layers of marl; easy drilling. 19 am
Very soft material .......... 2 413
Hard dark-gray rock. . 3 416
Fragm { selectod {’am ‘hard materfal. .. ? @
ents of selec material..........
21| 2743 | clay or shale from | Fragments of gray caleareous, | o material with sand and 3 s
overflow. y N shells.
Very hard material 1 426
Soft dark clay ..... 7 433
Fragments of light sand
22 435 C°n°°‘at“"°d from | T lCcione with “numerous
overtlow. fragments of shells.
|
Fragments of light. sand,
Concentrated from . limestone w th-gxrl:);nemys Coarsecutting rock, with 4239
23 | 439444 overflow, bed of | fragmentsofechinoidspines,| shells.
shells, bryozoans, and shells; con- | Shells and rock ........ cosen “4
l tains Nodosaria 5.
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Record of Charleston Consolidated Railway & Lighting Co.’s well, drilled in 1911 at the gas works of the company, foot
/ of Charlotte Stre!elt near Cooper River, Charleston, S. C.—Continued.

Depth(in Staint Log of well furnished by engineer in charge.
Age and Sample hlt: Y umph’o‘md other
wi
formation information {ur - | Author’s description of samples., Thick
No. | sople Dished by engineer Material. st | P
obtained,| 1D charge. feet. in feet.
Mixture of fragments of 1.
E &i sandy llmeawne’g?xd
y, finely mla:e-
carecus s| clay,
; § 2% "1 Conwntnted from | ot Cimorous shell frag.
g 3._ w. n;agta and aome {ragmen
~ O ryowa
8 ] g mNod cf' npunmmml
osaria
@
$ i Chunks of darkgray, finel
od z arenaceous andmténceousy
.E calcareous chy, conmlnc
| R& Mud and fragments of mguum c!l mp'tnm
LT [+ a
2 % 454 | "rock from bit. Uvigorioa a ct. “canaricass,
- Glol I‘erlm b of. mquilate-
E nlu, ulinafcf. loba-
, Polystomella, Massi- | Dark ch{or shnle . ) 468
= 2hours 1 469
todrm with unbn.
Chunn of lishtet ml , finely | Soft material with shells.... 4 473
cnlenreous clay. contafus
Textularia b cf. segittula,
2% 478 | Mud from bit. cusidulI;nLc:m ubvu lobonv
Tagena b ¢ o eade. | Black shaleor clay; noshells.| 21 o
llna f c? y Polysto-
Chunks of greenish-gray
14 500 | Mud from overflow. powush sandy calcareous
clay.
Fragments of gray calcareous
28 500 Cm;‘“d from |~ shaly clay w aome.dmk-
: ture of quartz sand.
Variable streaks of yellow 7 501
Loose dark-green, highly sand and marl.
q sand; .tl;d grains
of are clear angu-
q“::\‘m ’Nxtuhrh b
2 504 | S8and from overflow. ct m Polym
Layers of black sand with 9 510
'l‘mnutulin& f ct wwuu streaks of marl.
Truncatulina Polysto-
> Concentrated from """"‘“‘”",E"hﬁ
20 515 od green-
g overflow. ish-gray enleanous mud.
Fragments of mzshly ﬂnﬂy
8 Concentrated from and chunh o(
zvﬂc:l"s‘m tak:a soft gre:xﬁ Al o hym of marl 2.5 536.8
~ ana clay, some
(= 31| 525840 | from between 525 and gu:’:‘ "hﬁ bnblz“t:ll some dark gray. '
540 feet; all much the also loose sand; L Very hard rock.............. .5 537
same, ciny and marls. P (Beo list
§ table, pp. 79-80.)
=) Mud from bit, medium Chunks of dukw argflla-
32 544 hard, black when ceous, glauconitic, calcareous
wet. sand. Not described............ -8 s
mmm“ot ‘h.ly m lwk ...................
arenaceous, % 4
Concentrated from ;ottm and chunh of
33 | 550-570 | overflow; average of hich
several samples. Sown irom the Booper masl;
also loose sand; contains
Cristellaria 11 cf. elypd/mh
' F ents of shal; .nndy
‘arenaceous ‘micaceons, cal
careous clay and chunb ol
3 sg5 | Concentrated  from | soft gny
overflow. or marl whic b.bly fell
2 loces. gﬁam"' Saims
; Alternating layers of black 4 587
Nodosaria 2¢f. raphinistrum.. snd d§£ -yZy ah'mh'm&
Fragments of gray shaly cal- i -
| careous cls m clmnks of | Boft ma cevecaennee 2 580
2 600 . Concentrated from | soft
overflow. or marl whlc bly lell
down from the B;%pc

with some sand,
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Record of Charleston Consolidated Railway & Lighting Co.’s well, drilled in 1911 at the works of the com; , foot
4 of Charlotte Stre%t, mba‘rg Co';ypcr River, Charleston, S. C‘.—Conti%at:ed. 4 pany

Deptteethgl Method of obtalning Log of well furnished by engineer in charge.
m‘t‘a‘}‘ Suanle !wmhn ; ﬁ:‘éﬁzﬁd it ;h r- Author’s description of samples. Thick- | Depth to
o was | Dished by engineer Material nesstn | base
in charge. *
obtained. feet. in feet.
Chunks of gray, finely arena- | Alternatinglayers of medium: 36 825
[ ooty i gt | o ke
careous clay, w an 03,
38 608 | Mud bit. of {:enhh;ﬁfuy marl which | from 608 feet showed mica
bly fell down from the in mud.
per marl, Very hard material.......... 1 628
Concentrated from Fmgm.“moncatsmos( M.ﬁw
overflow. Averageol | oyra0us clay and chunks of
several samples; for- | g, greenlg’h y limestone
%m to 80ft, | goom from the marl;
i in g:ru""hh' also loose sand; con
3 Hgnteray,dark gray, | Foraminifers. (See list in
a ) table, pp. 79-80.)
8
=] Chunks of gray, finely arena-
g? 38 661 | Mud from bit. ceous and mﬂ'wews, calca-
reous clay. .
Fragments of shaly, finely
g w,% u\-‘
careous cl unks o
& ~ Concentrated from | soft -gray limestone | Thin layers of light-colored 7 oL
5 IS 39 | 680-685 hlcgn marl and limestone, me-
< overflow. or marl wi bably fell dium hard to hard
g down from the&gpamsrl; m .
also loose sand; contains
g Nodosaria 15.
Chunks of calcareous clay
Mud from bit; very streaks 4
i 0 702 | hard dark-blue lime- mriodosarho&":t{ Very hard blue limestone. . .. LS 702.5
=~ stone. Cristellaria 11 cf. clypeiformis.
=)
umnce:g'w cal: 31
Concenrated from | e oy and chunles of | Verabis b sl ebteok 1 T8 T
rom| so v limestane | o Ored clay or marl. .......
a 125 | vt or mui: 'h&'g“ bly !e{l Bo‘g. el -white clay in’| 2 78
own from mar] h
also loose sand;  contains Not described............... 5 "1
Cristellaria 11 cf. clypeiformis,
. Chunks of calcareous .
Mud (ronlxm bit; dark | “dlaey Fiile soemreoue Veryhgarg hmurlal,unro- 3 4
2 743 | MY, almost black | jime; contains Nodosaria 15 | duired 10 houts continu
Vhen wel;  Very | and Cristellaria 11 cf. clypei- | oo driliing with fshtall
d. formis. t.
Gray calcareous, slightly ar- .
pr e slavconiiic gand: H::l'd ng;:leﬁial. medium to 18
contains Clavulinacf. angu- | h23¢ drilling. 5 767
43 750 | Mud from overflow, laris, Nodosaria 2 cf. raphin- Alternatlng"'tiflif'ﬁ ---- of % 791
: istrum 7, Nodosaria 14, No- | A %0008 T U0, oY
dosaria 15, Cristellaria 11 cf. Soft material, possibl sand 2 793
clypeiformis, Vaginulina. g y .
Very coarse quartz sand with
“ Sandrock'n ugutt}ngs, 1lt entss 'gf gmg glauco- 1 12 805
805-808 coneen! rom nf san ne and numer- e e AP bRl ' 3 808
overflow. ous small black phosphatic White sandy material.......
pebbles.
R Gra thpol'olm ealcgmus tﬂeay
ol Mud from overflow; In | v Some sand; ocontans
L) 45 810 ’ Clavulina cf. angularis, No-
§ 5 hard rock. dosatia 14, Cristellaria 11 ef.
g clypeiformis, Vaginulina,
g 8 Gray shaly, finely arenaceous
L3 p— - A e g
‘u concen al es
B B 46 | 840-850 | “from gverflow, and sogleosgand: og:talns
Clavulina cf, angularis, Cris-
tellaria 11 cf. clypeiformis.
Same as sample No. 46, ex-
cept that black pebbles are
47| 855-880 Cuttings concentrated not numerous; contains Cla-
N from: overflow. vulina cf. angnlaris, Nodo-
saria 14, Cristellaria 11 cf.
clypeiformis.
e oo o nirsioeis, | Layers of light-gray to blsck | 110 9
. ns Clavul cf.a ris, yers o 18
48| 870-g90 | Belected fromovertlow; |  Nodosaria 14, Nodoearia 15, | marl: easy drilling; vark
rage. Cristellaria 11 cf. clypei- | able materials.

formis.
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Record of Charleston Consolidated Railway & Lighting Co.’s well, drilled in 1911 at the works of the com , Joot
of Charlotte Street, near Cooper River, Charleston, S. C.—Contigla:ed. / pay,

Depth (in'

Log of well furnished by engineer in charge.

foot) at Methodl of 03 uls |
Age and Sample | wh mﬂ:: fur- | Author’s desers I
- ption of samples.
formation. No. | sample | pified by engteer P Matorial Thick- | Depth to
obtained,| B charge. feot. | in feet.
| —
Gray calcareous, slightly ar-
' giﬁaceons smid; 18a.‘;'on{nins
49 920 | Mud from overflow. Clavulina cf. angularis, No-
dosaria 15, Cristellaria 11 cf.
clypeiformis.
Gray shaly calcareous, finely
Sand: contains Clavaling of
Same as sample No. 49 :an "’:‘E Ostsnasv ol:xg'
50 o0 | with mud washed | nfividaq), 1 P (YOUDE | Greenish shale.............. 4 92
. Anomia argentaria Morton,
and tooth of Coraz falcatus
Agassiz.
51 950 | Mud from overflow. G%dmlmnous, argillaceous
. |
Gray alml&, finely arenaceous |
clay with a few small black !
Same as sample No. 51 phosphatic pebbles and | Uniformly hard material, 33 960
52 950 with mud washed some sand; contains Nodo- probably sandy lime-
out., saria 16 cf. inflexa, Ostrea ne. '
sp. (young individual), and 1 14 974
nomia argentaria Morton. 4 978
14 992
2. 994
53 1,000 | Mud from overflow. | Gray calcareous, slightly argil- |
laceous sand.
tagmments.of gray shaty eak: | Macl
Concentrated from ragments O gray shaly cal- rl...... eecesesceccscccace [ 1,000
54 1,000 | mud;sameassample ml:)s (clay, %ﬁu‘?ﬁ
- . i
g No. 53 and tooth of Coraz Jalcatus
2 1 Agassiz?
% . Gray shaly calcareous, finely
. =1 arenaceous clay with sand
E 1,015- | Concentrated f Sontalts Dutres falme S
“oncentra rom | oon ea fa or- H
4 8 1,080 ; overflow. ton, Ostrea plumoss Morton, | 580drock ....ccooevenie.. 15 L015
§ 'g Anomia argentaria Morton, b
= and tooth of Coraz falcatus , '
5 | Agassiz? |
| .

. Loose light -gray calcareous | Thin layers of shale, sand- 20 1,035
§ 56 1,035~ | Concentrated from | sand with seattzrod grains of g nynd marl. . !
Y 1,045 overflow. lauconite; contains Ostres | Hard material, probably 4 1,039

alcata Morton. sandrock.
Chunks of calcareous, ar- '
57 li% Mud from overflow. gﬂlaceousg?gllghtly glauco-
4 nitic sand.
Fragments of ﬁmy shaly cal- !
careous, finely us
clay, with considerable fine,
58 1,055—-| Concentrated from | slightly glauconitic
,058 overflow. sand and a few small b H
&hospbatlc pebbles; con-
ins Anomia a ria
Morton (fragment). |
090 | Concentrated f{rém Fine light-gray, slightly glau- | 7o cors of light to dark 61! 1,100
59 l'l 100 overflow; uniformly ;mnlt gntmdm‘;iglm%ﬂ; c¥ny wlt‘hg thin layorim :f ' ’
’ hard, sandy clay. ?S;' Clay. sandrock. '
Concerla!mted f(rlo ilrln . !
overflow; easy dril- | g.;1e as sample No. 59; con-
so| 10| e “ﬁ{g";‘;m‘;’”‘g talns Lima reticulata Forbes || .
! sandy clay, with . (tragment). .
some shells, !
Gray shaly, finely arenaceous |
e mii, Sl |
1,150- | Selected from concen- | Cl2¥. With 8 few chunks of | 1,y orqy and blue sandy 83 | 1,183
61 ' nish - calcareous . ’
1,200 | trates. clay and S:fe sand; con- | Shale; good drilling. :
tains Belemnitella americana
(Morton)? (fragment).

37183°—15—6
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Record of Charleston Consolidated Railway & Lighting Co.’s well, drilled in 1911 at the gas works of the Company, foot
of Charlotte Street, near Cooper River, Oharlaton S. C.—Continued.

f well furnished by engineer in charge.
D;;{i}:" Method o abtaining Log of we odby rin
and other
o, | W0 | ol | Diormation far | Author's descriptionfsamples. Thick. | Dapth 10
| Cwas | pished bY Material.
obtained. g faet. In teet
Same as smyle No. 61, with
T which fosety Tl
marl W rol
1,230~ | Concentrated and se- | goum from thep Cooj ylnarl, %’g‘:}ﬂ with reddish 57 1,40
62 1,250 | lected; Py- | con rochocy- -
’ rites, and marls. athus sp. (aff. T woolmand | B8rdrock ...l 1 | 1,241
Von ) dentiﬂed by T.
d Vaughan
1250 l(uddlmm bit; bll:ck Chunks of dark-gray, finely
63 an yish when an i
' wet. clay with some sand. Not described............... 19| 1,20
64 li”g; Mud from overflow. Gmnm%gulw
s .
coam slightly glauco- | Medjum-hard rock.......... 2 1,262
g5 | 1,302 | Beme as sample “‘3 d ‘ﬁhp?ay‘mly, Sott sandrock.. ... 111110 u| L2
1,275 u ed | ey
’ concentrated uceous clay.
. Chunks ol finely arena-
66| 1,306 | Mud from bit. Ticaceous clay
Fmgmenu of gray calcareous | Soft to medium-hard layers 30 1,306
67| 1,300 | Washed lfrom overflow nhnly E t::% alcare- of marl and sandstone.
Gray calcareous sand and Hardrock ..........ccoue... 2 1,308
w| 1| Concpnmied rom | ments of sndsione with | Variable layers °&?‘&f“°.2;“ ol
overflow. - °
! enmuschy. gray Sy aholl.nndﬂah
. iealcareous , slightly
j o 1% ¥ e oveg::§ gl"ﬁ with, ch‘:nksxgtisligml'
g § ) tock; good drilling.” |  §and, with chun y
| Chunks of careous
: sty phicalls Ao
E ne, an ents of gray
‘? 1,340 | Washed and selected y calcarecus clay; .
69 from overflow; same
9 1,360 as sample No. 68 O:trusp (young indi-
| ple No. 63. vldual) and Exogm e,
(fragments
g B valve).
i l z Coarse gn’ sand and :
& | ments of calcareous sand- | Medium-hard sandy rock; 38 1,372
) stone with a few fragments | _uniform drilling.
| of gray shaly calcareous | Hardrock.................. 3 1,375
' 1,375~ | Concentrated and se- | clay; fragments of shells nu-
! 70 1 400 | lected:shells1375to | merous; con O:trea
| ? 1,381 feet. plumosa Morton; Ostrea sp. | Soft material with broken 6 1,381
1 (young Indlvlduals) Exo- shells.
%‘ (fragments), Probably sandy marl; good 35 1,416
th of Lamna?; illing.
from 1,375 to 1,381 feet. Hud TOCK. ...covviinnnnnn.. 2 1,418
1,420- | Concentrated and se- | q. Notdescribed. ..............
I 1 1,430 | lected from overflow, | Same as sample No, 70. Very hard rock. . ... ... ... lf i g
I T Sa;}xe as tg:txlzgalaa‘Nos’um and
Concentrated and se- con strea plumosa
- 1, 440- Morton, Ex: frag-
‘ .12 1,450 m’ﬁg fromoverflow; |  nants), An%gzla pesuaria
Morton, I shark
th.
' ! 1 1,460~ | Concentrated and se- | Similar to samples Nos. 70-72
| 1,470 lected from overflow.! but contains more loose sand.
Fragments of nely are-
l 74| 1,480- | Concentrated and so-l naceous and gx?l’x;wewxy
! 1,490 lected from overflow.| careous clay and gmy argll-
l , | laceous sandston
|
~c i 1,500- | Concentrated and se-
: 7 1,510 | lected from overflow, , Same as sample No. 74.
! Layers of soft black stic 88 1,519
, s6 1,514 | Mud_ from bit; very ; Ct;l]x_:::m?)(u;ia;: n{i'mﬂmlys clay with modiumtoh:i *
‘ hard material. clay with some sand. ceou ill:i.xllelsa ;:csl sandstones in
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Record of Charleston Consolidated Railway & Lighting Co.’s well, drilled in 1911 at the gas works of the company, joot
/ of Charlotte Street, near Cooper River, Charlaton, 8. C.—Continued.

D(?;:h .(én Mo of ob Log of well furnished by engineer in charge.
’Amd Sal?plo wh 1 m‘:::tk::d H ltlh el Author’s description of samples. Thick- | Depth
or! n. 0. sample - pth to
w£ g‘h“‘ by engineer Material. nessin | base
obtained,| 10 charge. feet. | infeet.
Gray shaly, finely arenaceous | Uniformly hard shale....... 12 1,531
3'g 1,540- | Cuttings selected o e oo
< rom ragments of 8o -
'§ :Q m i,aso overflow. CAreous, ar grs‘l tly 16 1,547
4 35 conitic sandstone; con- 5 1,552
Pecten venustus Morton.
Shale and bits of py-
78 li% rites selected trgm Same as sample No. 77.
’ overflow.
Layers of medium to hard 63 1,615
. es with iron p lus
» li, 90 | Selected trom overflow. Sa;g.e as samples Nos. 77 and and layers ‘?L:)‘}nck d
|
1,590- Same as samples Nos. 77-70
i & 1,600 | Cuttings from.overflow.| =p)p contains some sand.
Very hard roek.............. 2 1,617
1,620~ Similar to samples Nos.77-80 | Variably thin strata of dark z 1,640
| 8 j,630 | Cuttings from overflow.| ™p )"0 nraing guch sand. v !
&
a 82| LY |y fom overflow. | - oontains some tragments of 20 1,00
u overflow. con some ents of
2 1,642 shells 3) 164
E 3 1,648
< 1660 Snmeu&hsn samples Noe(‘n—n,
| con
g S I | Selected from overflow. l‘;%ividual) a0 trd tomeh oF
™ ]
3 & 1,660- | Mud from overflow; | [00Se gray calcareous sand
84 3 ’ with numerous fi ents of
g M 1,670 | soft; easy drilling. gray shaly ww':é','; clay.
a Shnlm in layers; easy drill- 46 1,604
1,700- Hara rock probably lime- 13 1,707
85 1 705 | Selected from overflow. | Same as samples Nos. 77-79.
’ Probably limestone and fiint; 4! 1,m
very hard and rough drill-
E : "
¥ R ALY s
1,720- | Concentrated from icaceous clay, w
s % 1,723 | overflow; very hard. fngmonts of mes
toot.h
Layers of hard rock; rough 13 1,74
1,720- Mud from overflow; | Lonse light-gray glaumnmc, .
87 1.723 same as sample No. calcareous sand, with frag-
' . ments of gray s\nly clay.
s Nodosaria 6 and 17,
.| tains an
8| 4 M e ey v, | Ostren  eretacea M orton £ | Sott, sticky whitish clay..... 5| 1,729
+70 | with one soft streak. g‘;mmu’"d""d“‘%“ que-
costatus (Sowerby).
Chunka of gmmly arglllaoeoua
micaceous, calcareous sane
89 1,736 | Mud from bit. contains Crassatellites op.
g (cast).
a2 Thln layera of hard rock 30 1,759
g (rug drling) wich hlo
=] Loose calcareous, slight- streaks of solt ma
= 763~ | Concentrated from it glglac%nitic wand, v'ﬂ:h Thelayersarea fow inches
90 1. 767 overflow; very hard, fragments of cal to 2 feet thick.
g d with one soft streak. otehaly clay DY C#1C8r% | Whitish clays and shales 15 1,74
y clay. it lumps and !
Ad
g Soft white shales.............. 2| 1,78
128 li% Frr?)x:xk.overﬂow; hard I Same as sample No. 90.
Se}lgcot;d m°€’:‘iﬂ$ ln'?:ecoarts: uartzsml:d,with Hlaurd blacl; nlmrl, with nodh- 25 1,801
s gments o calcareous es and lumps; ro
0| 1,80 ::,‘y'“ﬁ:;‘w?" g{g}; | shaly clay; contains Bryo. | _drilling, pss ot
! sandrock, and thin . 2087, Ostrea cretacea Morton, | Sandsand shales; lost water 2 1,803
streaks of marl). and a coprolite. in drilling.
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Record of Charleston Consolidated Railway & Lighting Co.’s we
of Charlotte Street, near Cooper River,

SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1014,

I, drilled in 1911 at the
Charleston, S. C.—Continued.

gas works of the company, foot

pih (In! Method of obtaining Log of well furnished by engineer In charge.
Age and Sample | wh i.:!o?rx::tt:n d f ther Author’s description of samples.
formation. No. | sample [ qorason U ples. Thick- |Depth to
was mcm.y eng Materlal, nessin | base
obtained. . feet. in feet.
Chunks of calcareous,
3 1,813 | Mud from bit. finely amaoeommy and mi
| eweomclay
| Chunka of soft greenigh
1,815- batgreleﬁrd }ro ’E::z L? “’xnh Jﬁ}ay lnhud 12 1.8
ro own m the ne w ers
8 | 7§ 818 | Selected from overflow. 5 Tnarl, and chunks of of sand, black shale ypy-
gray glauconmc sand- :hella, and foss
swne
Chunk of bard alight] Sonyeuowmdrock......... 3 1,818
of gra y
®a | 1,807 Q‘a‘:}{g’“"‘y fromthis | ™ ;41careous or | Not deseribed............... 12 1,830
g quartsite.
Chux&ka moj( finely lcr:lnaoeous
careous .
95 1,832 | Mud from bit. clay, with whita streaks of | Hard white limestone ....... 2 1,832
lime; contains t of
Ezogyra ?
Mud from bit, ver{v
] 1,835 k tic | Bame as sample No. 95.
roo .
Chunk of hard gray calcareous
97 1,835 Taken from mud on sandstone or qumm:hwlth
d bit. poorly
mains,
L rekia of hard gmy sund:
o sind-
com"‘a:‘%n' FOM | gtone, & fow srmall ) water-
o8| 189| hard; slow drllng worn pebbles and chunks of
’ knots or lumps d gay sandstone; contains
ma L (fragment), and
toothol Omu:fcleal Agas-
§ k-] From mud on bit; | Chunk of hard gray calcare-
k-] b= 99 1,839 same as sample No. ous, micaceous sandstone or
E= § 98. quartzite.
Coarse sand with chunks of
gray calcareous sandstone, | LAYer of shale, el 15 1,84
gray calcareous shaly clay, | oy eesively " ard, - thin
EY !ew qun.rtz pebbles u 1 4
Concentrated from | < inch in length, and ayere ?' P, tesmsome
| ﬁ 100 1,801} “50d on bit. m of ahellﬁ ;gntabm mte yors? 1"{;“”"’ °d'“
amulus onyr Morton, Os-
~ g trea cretacen Morton, ‘and wl Sha:-&: H“gh‘” it
5. S undetermined pelec ypod
§ | % cast. Very ht:lrrdmmdy limestone; ") 1,861
" Gray calcareous, finely arensa- good .
101 1,862 | Mud from bit. jt i dm’mmgmy )
Verrv coarse sand with chunks
calcareous sand-
stone, chunks of my calca-
Concentrated from reous shaly clay, few | Very hardrock.............. ] 1,867
102 1,882 mud on bit; same as quartz pebbles up to} inch R
sample No. 101, in and shell frag-
mmtsucoa,tainé Oagm cre-
. tacea Morton, Gryphza
(small), an d Ezojyra ponde-
| i [ Concentrated  from | Same as sample No. 102; con-
! \ 103 1,87 | “mud on bit. tains Ost reg sp.
H . Chunks of dark<gray, finely
1 Mud from bit; same as -
\ 104 1,887 sample No. 103. g:?weous and m us
; . Hard shales which produce 39 1,908
| | 1,940~ gray, slightly lauoo- _ asticky mud.
105 1 960 Sand from overflow. nitic, calcareous san oon- | Very soft material........... 3 1,900
| 4 ! tains Cristellaria 12 Medium-hard shales with 38 1,947
| i thin, soft layers, probabl;
| pemp——— s Rl
y coarse San nu- s| .
106 I li"g)'m “3“,’::}}%?‘1 from | ™ erous small {ragments of | Medium-hard rock .......... 4 1,951
' shells. Soft to medium-hard layers B 1L,
of shale and sand, some
| sand and shell breccia in
Chunks of cal overflow.
un. icareous,
| Urd 1,975 ' Mud from bit. finely areng;:gus and mica. | V hard sandrock; fish- 3 1,977

ceous clay.

g’l’l bit would not make 1
inch per hour.
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ecord of Charleston Consolidated Railway & Lighting Co.’s well, drilled in 1911 at the gas works of the company, foot
R s of Charlotte Str!elet, mffl Coogpa' River, éharleston, S. C.—Contgnued.

Depth (In) yat10d of obtaining

Log of well furnished by engineer in charge.
%‘g}c‘{l‘ samples and other - :

Ageand Sample information fur- Authar's description of samplc... Thick- | Depth
formation. No. S&v':‘agh nished by engineer Material. nem‘clkn °
obtained | 1B cbarge. e | e
Loose, coarse light-gray sand
2,000- | Concentrated  from h
108 with numerous small shell | gandrock with much muck; 28 005
5,005 |  overflow. fragments. fair drilling. ’ >

Average of material | Loose, medium-grained mica-
100 1597"' brought to surface ceou's, calcareous sand with
,007 | by natural flow. bits of lignite.

Fossil wood brought
uo | 1871 " to surface by natural | Lignite.
4 flow.

Chunks of ga};‘ ulnmi:lmted
1,974- | Brought to surface by “‘M“’i y calcare-
111 (! tural ous clay with finesand part-
3,007 ma flow. ings, c(’;nmins comminuted
vegetable fragments.

Chunks of light-gray mica-
ceous, calcareous sandstone
or quartzite; chunks of gray
calcareous shaly clay; one | Blue clay or shale........... 2 2,007
concretion of sandy lime-
stone; concretions of iron
pyrites; small waterworn
pebble, lignite, and numer-

:llllsl l:lmllstmd mimd en‘tg‘gl

ells. eCcogn! -

nz| 1,97 B”“ggltﬁ surface by | ment’of small coral, Bryo-
2,007 | na ow. zoa (incrusting), Ostrea sg

nov. @, Ostrea sp. nov. b,

Ostrea cretacea Morton, Ezo-

gyra upatoiensis Stephenson,

Anomia sp. nov. (same as

new species from Snow Hill

N. C.), and undetermine

fragments of Ostreids.

Upper Cretaceous—Continued.
Black Creek formation—Continued.

FOSSILS OBTAINED FROM THE WELL SAMPLES.
PROTOZOA.

The subkingdom Protozoa is represented in the well section by numerous specimens of
Foraminifera, which were referred to Joseph A. Cushman for identification. The species recog-
nized by him and their distribution in the well are indicated in the accompanying table. All
measurements of depth indicated in this table and on the following pages were made from the
top of the rotary jaws, which stood 6 feet above the surface of the ground:

Foraminifera from well of Charleston Consolidated Railway & Lighting Co., Charleston, S. C.

Uppermost
ocene or Eocene. Upper Cretaceous.
Oligocene.
Eocens or Upper Cretaceous. |—
Black
Coo) Mount Hope marl of 3
manl, Sloan (7). Poodsa sand (7. | ation:
N ! ' | -
No.ofsample................... 5; 6, 7 8 911‘17| 2352-1252629! 31 33|34' 397£|414240'4, 52, 88| 105
thinfeet.................... 86 102,200 220 262-|200.365 439 447454 /478 504 525-|550- 585 680 7251742|753 810,840-{8¢ 50'17%- 1940~

‘ 263 l lm | | 540/ 570 ‘&ss § 30| 1960
I
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Foraminifera from well of Charleston Consolidated Railway & Lighting Co., Charleston, S. C.—Continued.

U permost
EP Eocene. Upper Cretaceous.
Cooper Mount Hope marl of Peedee | Dlack
marl. Sloan (?). l sand. g:'l‘a:‘“’
- _ -
No.ofsample........cccceuennn. 5 6 7 8 91 , 24 2 , i 3 1w ‘ ggl 88 105
Depth in feet. ....cc.cceueuenan. 86/102/200/2201262-|290/365 4% D-|447 454!4: 5“—)1550- 02725742 7:  10/840-|85 1725~ 1940-
263 4144 570 850 8 1 1960
Ga.ugryima RPN PR P
X o
Vu-nauilinnac! ua..... .
Cassidulina cf. sug"i‘gblgga ....... R
Clavulina a cf. fensis. ......
of. angularfs................. R
Chilostomellida
Chilostomella ovoldea. ..........lcfeee]ev o] Xloeoi]oreforafovne]omaiiea]eraronaoace]eeaatons]onnefeeelanefecaiiia]ona]aanc]onc]eca]ocafeaafeaalinan ]
Y1, T: U S Il PR TR G PPN PRV PN RPN RPN RPN R PP PP PSP R AN P S P PR RPN R (R S PR PR P A
bc!.sulcata [ T TN
aci's'iéﬁi{yfli&}n... T L e B O N O IS MO
odosaria 1 cf. sagr ensis .. . N PO . R PO IS R [

gct raphlnh .

XXX XXX

XXX
XXX

XXXX: Xt XXi
XXXX: X:

XXXXXX XX
T XXX XXX XX

Nummulitidee.

Polystomella...........o.coveenn X | X
Nonionina cf. umbilicatula......

Miliolidz.

x
X
XX
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In regard to the Foraminifera listed in the table, Dr. Cushman says:

The Foraminifera of the deep well at Charleston have been examined carefully down to station 50 (depth 920 feet),
where the known Cretaceous begins, in order to determine, if ppseible, the limits of the Cretaceous in the questionable
sections above. The samples of the Cooper marl, Nos. 5, 8, 7,.and 8, were first carefully studied. These samples
contain a very rich foraminiferal fauna, as will be seen by the accompanying chart of distribution. Of the 81 species
recorded from the well 71 occur in these four samples. Sample 6 was much the richest in species, containing 50 of the
71 Cooper marl species. In general it is such an assemblage as may have occurred in.water ranging in depth from
100 to 200 fathoms. It is most marked by the practical absence of the Miliolidee, only one species being present and
that allied to the forms found in the deeper water of present oceans.

A study of the washed material from stations 25 to 50, the questionable section, soon showed that material from
several horizons had been mixed. As noted by those who had previously examined the lithology of this. material, the
Cooper marl had dropped down in the boring and had been mixed nearly throughout the samples taken below, so
that it became necessary to eliminate the Cooper marl species from each sample. The occurrence of these species
was noted and is charted for samples 25, 26, 29, and 31, but it was soon seen that these species represented merely the
material which had accidentally dropped from above, so that the charting was not continued. These species occur
gimilarly in the samples down to 50, where the known Cretaceous begins.

It became apparent that the upper part of the section was of slight interest as far as the Foraminifera were con-
cerned, but in sample 89 other species were found. These, however, are too few and poor to afford very definite informa-
tion, but when sample 43 was reached a marked change was shown in both the physical character of the test and in
the species. At this level there were specimens of the genus Vitrewebbina attached to specimens of Cristellaria and
Nodoearia. This genus is recorded from the Cretaceous of New Jersey by Bagg. These and certain other forms occur-
ring at this level seem to show that the Cretaceous strata here lie as high as the 750-foot level. The same species charac-
terize the samples taken immediately below. ) '

Many of the forms, especially those of the Cooper marl, have been referred to known species, but the whole series
shows marked differences from allied known faunas and the material must be carefully studied in conjunction with
that from other localities for final determination. Meanwhile the data showing the distribution of the foesils in the well

samples are available for use.
CELENTERATA.

A coral identified by Vaughan as Trochocyathus sp. aff. T. woolmani Vaughan was found
in sample 62, depth 1,230-1,250 feet, and a fragment of an unidentified coral was found in
sample 112, depth 1,974-2,007 feet.

ECHINODERMATA.

The spines of unidentified echinoderms were found in four of the samples as follows: Sample
11, depth 290 feet; sample 13, depth 348-350 feet; sample 17, depth 365 feet; sample 23, depth
439444 feet.
VERMES.

Hamulus onyz Morton, a species regarded as belonging to the subkingdom Vermes, was
found in sample 100, depth 1,841 feet.

MOLLUSCOIDEA.

The subkingdom Molluscoidea is represented in the well by Bryozoa, fragments of which
were contained in samples 22, 23, and 24. In these samples R. S. Bassler has recognized the
following species: T

Sample 22, depth 435 feet, contains Entalophora cf. macrostoma.

Sample 23, depth 439 to 444 feet, contains Heteropora sp. nov., Escharinella (cf. altimuralis
U. and B. of the Rancocas formation, but has smaller pores), Amphiblestrum (cf. heteropora
G..and H. of the Rancocas formation), Lichenopora (cf. grignonensis Milne-Edwards).

Sample 24, depth 447 feet, contains Heteropora sp. nov., Escharinella (cf. altimuralis
U. and B. of the Rancocas formation, but has smaller pores).

* MOLLUSCA.
MOLLUSKS FROM THE PLEISTOCENE AND PLIOCENE.

Fossil mollusks were found in samples 1 to 4, as follows:

Sample 1, depth 40 feet, contained a few shells.

Sample 2, depth 62 feet, contained numerous fragments of shells and a few well-preserved
shells.
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Sample 3, depth 73-75 feet, consisted chiefly of fragments of shells with numerous well-
preserved shel]s

Sample 4, depth 82-83 feet, consisted chiefly of fragments of shells, with numerous well-
preserved shel]s

The fossils from samples 1 to 3 are of Pleistocene age and those from sample 4 are of Pliocene
age. (See pp. 71, 85.)

Many of the samples taken between the depth of 86 feet and the bottom of the well contained
a few Pleistocene or Pliocene shells, which doubtless represented mixtures resulting from the
caving of the walls in the upper 86 feet of the well. Most of these fossils were easily distinguish-
able from the older Eocene and Cretaceous fossils, and since their mention would serve only
to confuse the reader they have been disregarded in all that follows.

MOLLUBKS FROM THE EOCENE.

The samples from the strata of uppermost Eocene or Oligocene age between the depths of
86 and 220 feet (samples 5 to 8, inclusive) and the samples from strata of undoubted Eocene
age penetrated in the well between the depths of 262 and 447 feet (samples 9 to 24, inclusive)
contained a few fragments of unidentified mollusks in addition to numerous shells which were
obviously present as a mechanical mixture from the upper 86 feet of the boring.

MOLLUBSKS FROM THE CRETACEOUS.

. Exclusive of the shells which were obviously present as a mechanical mixture from the
upper 86 feet of the section, samples 50 to 112, representing depths from 920 to 2,007 feet,
contained the species of fossil mollusks listed in the following table:

Cretaceous mollusks from the deep well of the Charleston Consolidated Railway & Lighting Co., Charleston, S. C.

No.ofsample.........coviiiieiiiniorenicneanannnns
Depthinfeet............coiviiiiiiiniiiinniaaniennn.

b (probablv undeseribed) ..

é oung ing)l viduals)........

gryphm .&..'.2323&;;31 ....

X nderosa er.
°"'°'f° ithephenson

Pecten venustus Morton.............

quinquecostatus S8owerby ..
Lima ret| ta Forbes.........ocooiiiiinennannn...
Anomia argentaria Morton. .........cccoociiitionean.

Sp. nov. (sameas sp. nov. from Snow Hfll, N C.).
Crassatellites 8p. (Cast)............cccovveineananene-.
Undetermined casts of pelecypods................... . . cereees eeeeaas
Belemnitella americana (Morton)?...........ccoooveeceeeneoonenoeaaadoani oo e b S N RN PN

No.ofsample....... ..., 77 83 88 89 92 95 98 100 102 103 112
Depthinfeet...........co..coiiiiiiiiiiiiii., 1,540~ | 1,660~ l% 1,736 | 1,800- | 1,R32 | 1,839 | 1,841 | 1,862 1,887 | 1,974~

Ostrea falcata Morton...........ccooevveeiiininnnnn.
plumosa Morton.....:
cretacea Morton......
SP.MOV. @ ovvenannenns
b (probab? undescﬂbed)
(young individuals)........

u
&agments) ................
Pecten venustus Morton. . .....
quinquecostatus Sowerby. .
Lima reticulata Forbes.....................
Anomia argentaria Morton.................
Sp. nov. (same as sp. nov. from Snow Hill,
Crassatellites sp. (cas:f. ..............
Lndetermined casts of pelecypods...
Belemnitella americana (Morton) ?..
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ARTHROPODA.

The subkingdom Arthropoda is represented among the fossils from the well by specimens of
Ostracoda. A species of Cytheridea, closely related to C. perarcuata Ulrich, was obtained from
sample 25, depth 454 feet; a few Ostracoda were found in samples 2648, depths 478 to 890
feet; and a few specimens of unidentified Ostracoda were also found in some of the samples
taken between depths of 920 and 2,007 feet.

YERTEBRATA.

A few remains of fossil vertebrates were obtained from samples representing the Cretace-
ous portion of the section, as follows: .

Samples 50, 54, 55, taken at depths of 920, 1,000, and 1,015-1,030 feet, respectively, Coraz
faleatus Agassiz (a shark); sample 70, 1,375-1,400 feet, Lamna?; samples 72, 83, 86, from
depths of 1,440-1,450, 1,660-1,670, and 1,720-1,723 feet, respectively, shark teeth; sample
92, 1,800-1,812 feet, coprolite; sample 98, 1,839 feet, Corax falcatus Agassiz; sample 100, 1,841
feet, Ptychodus? (fragment of tooth).

PLANTS.

The only plant remains found in the samples were a few fragments of lignite in sample 1,
depth 40 feet; numerous fragments of lignite from samples 109, 110, and 112, depth 1,974-
2,007 feet; and numerous comminuted vegetable fragments in sample 111, depth 1,974~2,007

feet. :
RECORD OF ANOTHER WELL AT CHARLESTON.

The record of a well 1,980 feet deep, drilled under the auspices of the city council of Charles-
ton between the years 1876 and 1879 by Mr. F. Spangler, is inserted here for purposes of com-
parison. The well is known as the Citadel Green well and is at the southwest corner of the
South Carolina Military Academy grounds, near the corner of King and Calhoun streets. A
scientific committee was appointed by the city council to cooperate with the city civil engineer
‘‘in devising and employing the best means of preserving, recording, and classifying the stratifi-
cations of the new well and publishing a statement of the work when done.””

This committee sent a set of borings from the well to Prof. James Hall, whose report to the
chairman of the committee is here quoted in full.?

New York StaTe MuseuM oF NaTuraL HisToRry,
Albany, June 21, 1880.
Right Rev. P. N. LyncR, Bishop of Charleston:

1 very much regret that it was not in my power to give prompt attention to the collection of specimens from the
artesian well at Charleston which you placed in my hands, but you already know why I was not able to do so.

I herewith hand you some memoranda regarding the collection as it came into my hands and as indicated by marks
showing the number of feet in depth. These depths are sometimes specifically marked, and in other cases the speci-
mens in the box or parcel are marked as extending over many feet. Some of the specimens of fossils can be readily
identified, but most of them are too fragmentary to give the means of satisfactory specific determination, and I have
indicated only their generic relations.

The species described by Capt. Vogdes,?® with a single exception, do not appear in the collection in a condition to
be satisfactorily determined.

The higher beds are clearly of the modus Tertiary. There is nothing in the collection that indicates the presence
f Cretaceous strata at any point above 600 feet. The parcel marked 600 to 1,300 feet contains Cretaceous forms, and
the specimens marked respectively 654-767 and 700-720 feet have all the aspect of Cretaceous marl or green sand but
are without fossils. At 900 feet there occur teeth of Ptychodus mortoni Leidy, a characteristic Cretaceous fossil.

1 Artesian wells: The report of the scientific committee appointed by the city council on July 5, 1876, consisting of the Rev. P. N. Lynch, D. D.,
Prof. C. U. Shepard, jr.,and J. F. M. Geddings, M. D., embracing a historical sketch of the several attempts, from 1823 to the present time, to
bore artesian wells in this city; also an elaborate analytical investigation of the waters and the strata penetrated in the artesian wells and other
analyses of cistern waters and of waters from many of the large fire wells of this city: Municipal report of the city of Charleston, 8. C., 1881, 61 pp.
Charleston, 1882.

2 Jdem, pp. 21-24.

3 Am. Jour. Scl., 3d ser., vol. 16, pp. 69, 70, 1878,
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The lowest depth of any marked specimens of foesils is 1,955 feet, and the parcel contains characteristic Cretaceous
forms. The specimens indicated as 1,940-1,980 are of greenish clay, without fossils.

Regarding the Tertiary as terminating at the depth of about 600 feet this will give nearly 1,400 feet (1,980 —600=
1,380) of the Cretaceous formation in vertical thickness.

The lowest marked specimens of foesils are of characteristic Cretaceous forms and present no remarkable change
from those several hundred feet higher in the series. From the character of these foesils we should be warranted in the
inference that there may be a considerable thickness of Cretaceous beds below that horizon.

The clay indicated by the numbers 1,940-1,980 feet has the character of the lower clays of the Cretaceous forma-
tion in some localities, but it would be imprudent to draw any positive inference without further knowledge.

Truly yours,
James Hawy,
State Geologist and Director State Museum Natural History.

Notes on samples of borings from different depths of the artesian well at Charleston, 8. C.

Depths. .
65-100. Pliocene, Tertiary, Tellina, Arca, etc.
80-100. Tertiary, Venus, Tellina, shark’s tooth, phosphatic nodules.
850430. Tertiary, phosphatic nodules, oyster-shell breccia. [600 feet noted by Capt. Vogdes as contain-
ing Chama. No specimens.] )
680. Shell marl, concretions. Nothing indicating geological position.
600-1,300. Cretaceous, Exogyra foliacea, iron pyrites nodules, soft limestone of calcareous rock with phos-
phate. Specimens marked as above; no indication of specific depth.
654. Cretaceous, marl with fragments of shells.
767. Cretaceous, marl with green sand, Anomia? sp. (fragmentary).
778. Cretaceous, phosphatic concretions, green sand, iron pyrites.
700-720. Cretaceous, compact marl, oolitic and micaceous shells which are indeterminable.
900. Cretaceous, Ptychodus mortont Leidy (a characteristic Cretaceous foesil).
1,090. Cretaceous, calcareous marl with fragments of shells.
1,346. Cretaceous, Ostrea sp.?, Gryphsza vomer.
1,345-1,350. Cretaceous, Ezogyra costata, Gryphsa vomer, charred wood.
1,349. Cretaceous, marl with sand, green sand, siliceous concretions.
1,369. Cretaceous, marl with sand, Ezogyra foliacea.
1,400-1,403. Cretaceous, concretions of sand in a greenish marl.
1,472, Cretaceous, concretions of sand in a greenish marl with shell breccia.
. 1,520. Cretaceous, argillaceous marl.
1,633-1,5638. Cretaceous, sand with shells, casts of shells, and shells of Ostrea, Exogyra, Anomia? sp., Neithea
mortoni D’Orb.
1,553. Cretaceous, breccia of shells and bryozoans, Ostrea, fragments of bones, S8erpula, lignite.
1,670. Cretaceous, green sand, Ezogyra costata.
1,575. Cretaceous, green sand, siliceous concretions, Ostrea.
1,580. Cretaceous, green sand, argillaceous.
1,588. Cretaceous, green sand and marl, without shells. .
1,558-1,560. Cretaceous, sand, concretions, micaceous, Ezogyra foliacea, Inoceramus (fibrous portion of shell),
Exogyra, fragments, Ostrea, casts of indeterminable foesils in green sand.
1,658. Cretaceous, valve of Ezrogyra foliacea.
1,600. Cretaceous, Inoceramus (fibrous portion of ehell), Ezogyra costata, Dentalium.
1,600-1,610. Cretaceous, green sand with Exogyra, Teredo.
1,610-1,620. Cretaceous, green sand with Exogyra.
1,625-1,650. Cretaceous, green sand with Exogyra, Ostrea.
1,650-1,675. Cretaceous, green sand with Exogyra, Gryphaa vomer, Exogyra costata.
1,690. Cretaceous, green sand with Exogyra.
1,690-1,705. Cretaceous, green sand with casts of fossils and fragments of Exogyra.
1,602-1,700. Cretaceous, green sand and marl.
1,700-1,725. Cretaceous, green sand and marl, Ostrea, Gryphsea.
1,710. Cretaceous, green sand, siliceous.
1,728. Cretaceous, green sand, siliceous.
1,730-1,750. Cretaceous, green sand, Exogyra.
1,745. Cretaceous, green sand, siliceous.
1,765. Cretaceous, green sand, siliceous, fragments of Exogyra, Ostrea, upper valve of Ezogyra costata.
1,790. Cretaceous, green sand.
1,831. Cretaceous, Ezogyra costata.
1,835. Cretaceous, fragments of bones and Exogyra, two forms of Bryozoa, undetermined siliceous aggre-
gations.
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Depths.
1,845. Cretaceous, Exogyra, shell, breccia.
1,840. Cretaceous, Exogyra, Ostrea, young of Gryphza conveza.
1,840. Cretaceous, echinoderm (Bucleolites?).
1,850. Cretaceous, fragments of bone, siliceous pebble.
1,835-1,840. Cretaceous, Exogyra, Grypheea, sand, pyrite, Dentalium, bones, shark’s teeth of the genera
Ptychodus and Lamna, echinoderms, Nucleoletes (Catophygus) lynchir Vogdes.
1,844-1,845. Cretaceous, shells of Gryphza vomer?, Ezxogyra costata.
1,840-1,845. Cretaceous, sandstone with fragments of shells, shell breccia, Exogyra costata (young), Gryphsa

pitchert.

1,845. Sand pump, Cretaceous, Gryphaa pitcheri, Gryphza vomer, sand concretions.
1,835-1,840. Cretaceous, concretions of coarse sand, shells, Ostrea, Gryph=a shephardi, Exogyra.

1,840. Cretaceous, shark’s teeth.
1,840-1,940. Cretaceous, fish bone, Inoceramus sp.?

1,900(?). Cretaceous, sand, Ostrea.
1,800(?). Cretaceous, shark’s tooth, pebble, sand.

1,932. Cretaceous, green sand, casts of fossils, pebbles, lignite, iron pyrite, Grypheea.

1,930. Cretaceous, clay.

1,930. Cretaceous, micaceous sandstone.

1,900. Cretaceous, sandstone, iron pyrite, green sand, fine laminated clay.

1,900. Cretaceous, Inoceramus, wood.

1,900. Cretaceous, exterior shell of Inoceramus,

1,900. Cretaceous, Teredo.

1,923. Cretaceous, green sand, casts of Gastropoda, Inoceramus, Ostrea.

1,940. Cretaceous, phosphatic nodule with iron pyrite, sand aggregation with mica.

1,943. Cretaceous, lignite, red hematite.

1,950. Cretaceous, wood opal, iron pyrite.
1,949-1,980. Cretaceous, clay.

1,955. Cretaceous, lignite, iron pyrite.

1,955. Cretaceous, shell breccia, Nucula, Turritella.

1,955. Cretaceous, shell breccia, siliceous, Ostrea.

1,955. Cretaceous, oyster perforated by sponge, green sand, iron pyrites, Inoceramus.

According to Prof. Hall's interpretation the Cretaceous was reached in this well at a depth
of 600 feet, although no characteristic Cretaceous fossils are recorded from a definitely deter-
mined depth less than 900 feet. Prof. Hall’s report contains two proposed specific names of
fossils, namely, Ezogyra foliacea and Gryphea shephardi, which were not subsequently described
and which are therefore invalid.

The present writer has not been able to learn what disposition was made of the fossils
from this old well.

CORRELATION OF THE STRATA PENETRATED.
STRATA OF PLEISTOCENE AND PLIOCENE AGE.

The fossil mollusks in samples Nos. 1 to 4 were submitted to Dr. Paul Bartsch, of the United
States National Museum, who regards those obtained from samples 1 to 3, representing depths
from 40 to 75 feet, as of probable Pleistocene age and those from sample 4, depth 82-83 feet, as
certainly of Pliocene age.

STRATA OF UPPERMOST EOCENE OR OLIGOCENE AGE.

Samples 5 to 8, representing depths from 86 to 220 feet, contain a rich foraminiferal fauna,
the species of which have been identified by Joseph A. Cushman. The names of the species and
their distribution in the well are given in the table on pages 79-80 and the fauna is discussed in
the quotation that follows the table. The lithology of the samples shows that they belong to the
Cooper marl, which outcrops in the vicinity of Charleston and which is referable to either the
uppermost Eocene or the Oligocene. R.S. Bassler states that he has recognized ostracodes in
the Cooper marl which appear to indicate that it is of Vicksburg age. On the other hand, the
formation has yielded mollusks and the vertebrate genus Basilosaurus, which Vaughan and
others have regarded as indicating its Jackson age.
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STRATA OF EOCENE AGE.

A part of the samples numbered from 9 to 24, representing depths ranging from 262 to 447
feet, were obtained as concentrates from the overflow. These consist largely of fragments of
limestone, fragments of shells, echinoid spines, and Bryozoa. Samples 9, 11, and 13, depths
262 to 350 feet, were derived from layers of rather soft limestone or marl, but they yielded no
determinable fossils. Samples 17, 20, 22, 23, and 24, depths 363 to 447 feet, are made up chiefly
of fragments of hard gray sandy limestone containing numerous indeterminable fragments of
mollusks and a few fragments of echinoids and Bryozoa. These samples appear to be essentially
alike lithologically and probably represent one geologic formation. From samples 22 to 24,
depths 435 to 447 feet, R. S. Bassler has identified the species of Bryozoa listed on page 81.
He reports that the fauna is closely related to the bryozoan fauna in the Castle Hayne
limestone,! of Jackson (Eocene) age, exposed near Wilmington, N. C., and to a similar fauna in
the Mount Hope marl of Sloan,? exposed near Eutawville (Eutaw Springs), 70 miles north of
Charleston, S. C.

Vaughan,® because of the presence of Ostrea sellzformis Conrad, has correlated the Mount
Hope marl of Sloan with the Claiborne group, but evidence afforded by the Bryozoa indicates
that it may be of Jackson age.

Although the stratigraphic and age relations of the upper Eocene and Oligocene deposits
of this area have not been definitely determined, the fact that normally the strata dip coastward
and the evidence afforded by the fossil bryozoans seem to support the view that the limestones
and marls penetrated in the Charleston well between depths of 262 and 447 feet represent
the buried coastward extension of the Mount Hope marl of Sloan. However, the evidence
cited on page 85, which appears to indicate the Jackson age of the Cooper marl, necessitates
questioning the correlations here suggested.

Sample 25, depth 454 feet, contains ostracodes belonging to the genus Cytheridea and closely
related to the species C. perarcuata, which occurs in the Eocene of Maryland in both the Aquia
and Nanjemoy formations.

STRATA OF EOCENE OR UPPER CRETACEOUS AGE.

Samples 26 to 42, representing depths between 478 and 742 feet, yielded no fossils of suffi-
cient diagnostic va.lue to permit the determination of the age of the beds. A few speclmens of
Ostracoda and Foraminifera were obtained, but it was not certain that they belonged in place
at the levels from which they were taken; indeed, it seemed highly probable that they fell from
higher levels. Lithologically, the samples present no features of value for correlation. The
upper part of the thickness represented (264 feet) is probably Eocene and the lower part Cre-
taceous, but without more exact data the point of contact can not be determined. The samples
obtained as concentrates consist chiefly of gray shaly, finely arenaceous, micaceous, cal-
careous clay containing more or less loose sand. One sample (No. 29, depth 504 feet) is a highly
glauconitic loose sand. The samples obtained as mud from the bit consist of gray calcareous,
more or less sandy clays. The lithology of these samples indicates that they may belong to either
the Eocene or Cretaceous. The basal beds of the Eocene that outcrop in the Coastal Plain of
South Carolina along the borders of the Cretaceous areas north and northwest of Charleston
consist in part of dark shaly clays, the buried extension of which some of these samples might
well represent. The glauconitic sand (sample 29, depth 504 feet) may perhaps represent the
glauconite-bearing Warley Hill marl of Sloan (part of Claiborne group). Many of the samples
below the glauconitic layer are not essentially different from those above it.

STRATA OF UPPER CRETACEOUS AGE.

The first definite paleontologic evidence of strata of Cretaceous age was afforded by species
of Foraminifera found in sample 43, depth 750 feet. Dr. Cushman has discussed this evidence
in the quotation given on page 81. From this depth to a depth of 920 feet the samples indicate

1 Miller, B. L., The Coastal Plain of North Carolina; the Tertiary formations: North Carolina Geol. and Econ. Survey, vol. 3, pp. 185-197, 1912,
1 Sloan, Earle, Catalogue of the mineral localities of South Carolina: South Carolina Geol. Survey Bull. 2, ser. 4, p. 462, 1908.
s Vaughan, T. W., in Willis, Bailey, Index to the stratigraphy of North America: U. 8. Geol. Survey Prof. Paper 71, p. 737, 1912.
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that the drill encountered sands and clays, more or less calcareous and glauconitic, containing
small black phosphatic pebbles. Some hard layers were penetrated, as is shown by fragments
of sandstone in the samples.

The first identifiable mollusk of undoubted Cretaceous age, Anomia argentaria Morton, was
found in sample 50, taken at a depth of 920 feet. The strata penetrated from 920 feet to the
bottom of the well, as represented by the samples, are typical marine Upper Cretaceous materials,
consisting of marls, more or less calcareous and glauconitic, sands, and shaly clays, with
indurated layers at intervals. These samples yielded the identifiable fossils listed on preceding
pages.

The writer has heretofore attempted ! to explain the lithologic variations and age relations
of the Cretaceous deposits of the eastern Gulf region and to correlate them with. the Cretaceous
deposits of the North At- )

. . . CHATTAHOOCHEE
lantic region. Figure 11, CAROLINAS ™ REGION
which indicates the terms }LW protexta
employed in that report to subzone

designate the paleontologic
zones recognized and the re- p 4.0 sand? L Exogyra costata , \ Esogyra costata
lations of these zones to for-
mation units, is introduced
in order that the Charleston
well section may be com- = o—m@— — — — — H K
pared with the Chattahoo-
chee and Carolina sections.
In figure 12 the correlation | Ezogyra por 5 2 por
of the Cretaceous portion of

i Tombi
!;he Charleston well sections, Black Creek | . m“nf’b“ }umm
in terms of the faunal zones formation ) __ || member [}
recognized in these regions, )
o s qe . . Eutaw
is indicated diagrammati- formation
cally. Fauna of the basal beds
The following fossils  ° of the Butaw formation
Unconformity

were identified specifically
in samples taken between
depths of 920 and 1,550 feet:  pLower Lower
Mollusca: Ostrea larva Cretacecus ) ' Cretaceous
Lamarck, Ostrea plumosa
Morton’ P! cien :venmtm FIGURE 11.—Diagram indicating the terms used to designate paleontologic zones and the relation of
Morton, Lima reticulata these zanes to formation units in the Chattahoochee region and the Carolinas. Horlzontal
bES . dashed lines indicate age equivalencies within the Upper Cretaceous. Not drawn to scale,
FOI‘ N ?’ a'nd Belemmtella and relative thicknesses of formations not indicated accurately. The Ripley formation of the
americana (Morton) ?. Chattahoochee region is approximately the time equivalent of the Selma chalk of western Ala-
. I bama and east-central Mississippl and of the combined Ripley formation, Selma chalk, and
Vertebf'ata. Coraz f al upper part of the Eutaw formation of northern Mississippi. ' ’
catus Agassiz (a shark).

Of the fossils listed, Ostrea plumosa Morton and Lima reticulata Forbes range through
both the zone of Ezogyra costata and the zone of Ezogyra ponderosa, and Ostrea plumosa Morton
has been questionably identified from the basal beds of the Eutaw formation; Ostrea larva
Lamarck ranges from the zone of Ezogyra costata downward into the upper part of the zone of
Ezogyra ponderosa. Coraz falcatus Agassiz is a wide-ranging species in the Upper Cretaceous.
In known sections Pecten venustus Morton and Belemnitella americana (Morton) are restricted
to the zone of Ezogyra costata, and upon the evidence of these fossils this portion of the section
is correlated with that zone. Heretofore the species Pecten venustus Morton has not been
found below the horizon of Belemnitella americana (Morton). As it was found here 300 feet
below the level at which the fragment of Belemnitella was obtained, it is considered probable
that it fell to that position from some higher level. In terms of the formation units recog-

s Unconformity

1 8tephenson, L. W., Cretaceous deposits of the eastern Gulf region and species of Exogyra from the eastern Gulf region and the Carolinas: U. 8.
Geol. Survey Prof. Paper 81, 1914.
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nized in the Upper Cretaceous deposits of the Carolinas this portion of the section (depth 920-
1,550 feet) is correlated with the Peedee sand. _

Between the depths of 1,725 and 1,862 feet the following fossils were identified specifically:
Vermes: Hamulus onyxz Morton.

Mollusca: Ostrea cretacea Morton, Exogyra ponderosa Roemert, and Pecten quinquecostatus
(Sowerby).

Vertebrata: Coraz falcatus Agassiz (a shark).

Of these fossils, Hamulus onyz Morton and Pecten quinquecostatus (Sowerby) range through-
out both the zone of Ezogyra ponderosa and the zone of Ezogyra costata but are not found in the
basal beds of the Eutawformation ; Ostrea
cretacea Morton ranges from the basal
beds of the Eutaw formation upward

CHARLESTON WELL

o Pleistocene
75 < Pl

83

-

220

Uppermost Eocene or
Oligocene (Cooper marl)

U Cretaceous
? Pl:fm

750

1550,

)
vavmdcrmJ

) Upper Cretaceous

1%: (Mt. Hope marl of Sloan ?)

into the lower half of the zone of Erogyra
ponderosa; Coraz falcatus Agassiz has a
wide vertical range in the Upper Cre-
taceous; and Ezogyra ponderosa Roemer
is restricted to the zone that bears its
name. On the evidence afforded by the
range of these fossils this part of the
section is correlated with the zone of
Erogyra ponderosa of the Chattahoochee
and Carolina regions.

The best specimens obtained from
the Cretaceous strata penetrated by the
boring were those brought to the surface
by the natural flow of water from depths
between 1,974 and 2,007 feet. The fos-
sils identified specifically from this hor-
izon are the following:

Mollusca: Ostrea sp. nov. a (four
fairly good specimens and other frag-
ments), Ostrea sp. nov. b, Ostrea cretacea

‘Morton, Erogyra upatoiensis Stephen-

son! (threefairly good specimens and sev-
eral fragments), Anomia sp. nov.(same as
sp. nov. from Snow Hill, N. C.).

Of thespecies listed, Ostrea sp. nov.
a and b are new to science, and their
value in correlation has not been deter-
mined. Ostrea cretacea Morton ranges

IBGZ'_? upward into the lower half of the
Pacna of the basal beds g . zone of Erogyra ponderosa; Ezogyra

of the Eutaw fom.ﬁon}é %4 upatoiensis Stephenson has been found
Fi,une 12.—Disgram showing correlation of Cretaceous portion of the Charleston heretoforo only m . the . basal beds Of
well section in terms of the faunal zones recognized in the Cretaceoss deposits the Eutaw formation in the Chatta-
e el o, e v, e fom 1914 ioache region; Anomis sp. nov. (same
as a new species from Snow Hill, N. C.)

ranges upward into the zone of Erogyra ponderosa. The particular localities at which Ezogyra
upabiensis Stephenson have been found are the following: Broken Arrow Bend, Chattahoochee
River 104 miles below Columbus, Ga.; Chattahoochee River, one-half mile below Broken Arrow
Bend; and ablufl on Upatoi Creek 7 milessoutheast of Columbus, Ga., below the Cusseta road bridge.
On the evidence of Erogyra upatoiensis Stephenson this horizon is correlated with the basal
bed~ of the Eutaw formation in the Chattahoochee region. Exposures of these beds occur in

1 hy speeies was deseribed by the writer in U, S. Geol. Survey Prof. Paper 81, p. 46, pl. 13, figs. 1-4, 1914,
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bluffs on Upatoi Creek, which forms the boundary between Muscogee and- Chattahoochee
counties, Ga., and on Chattahoochee River from a place a short distance below the mouth of
Upatoi Creek, 9 miles below Columbus, Ga., nearly to the mouth of Euchee Creek..about 16 miles
below Columbus.
In terms of the formation units recognized in the Carolinas, that portion of the section
between a depth of 1,550 feet and the bottom of the well represents a part—perhaps the greater
part—of the Black Creek formation. - -

ORIGIN AND GEOLOGIC HISTORY OF THE WATER.

"The strata underlying the Atlantic Coastal Plain in the Carolinas consist of a series of
sands, clays, and marls, largely unconsolidated, and subordinately of impure limestones. These
rest, unconformably upon a basement complex of ancient crystalline rocks of pre-Cambrian age
ancd Jocally upon Triassic sedimentary strata which occupy depressions in the crystalline rocks.
These older rocks outcrop in the Piedmont Plateau, along the eastern border of which their
upper eroded surface dips slightly southeastward and passes beneath the deposits of the
Coastal Plain, becoming deeper toward the coast. )

At Fort Caswell, N. C., which is on the coast at the mouth of Cape Fear River, the crystal-
lime basement rocks lie about 1,535 feet below sea level, as is shown by a well boring. At
Charleston they lie more than 2,000 feet below sea level, for the deep wells there have failed to
reach the basement.

The formations above the basement rocks in South Carolina in the longitude of Charleston
embrace deposits comprising in ascending order Lower Cretaceous, Upper Cretaceous, Eocene,
Oligocene (%), Pliocene, and Pleistocene. The strata composing the formations dip coastward
at the rate of 40 feet or less to the mile. The younger formations in general lie flatter than
the older, the youngest, the Pleistocene terrace deposits, having an inclination of less than 5
feet to the mile. '

"The materials composing the sands, clays, and marls of the formations of the Coastal Plain
wWere derived primarily from the predominantly feldspathic rocks of the Piedmont Plateau, with
© exception of the matter, chiefly calcium carbonate, that was extracted by organisms or
chelllica.lly precipitated from the sea water in which the deposits were for the most part laid
dowmn . The more easily soluble minerals of the crystalline rocks of the Piedmont were in
Part Jleached out and carried to the sea in solution by the streams, but some of the feld-
Spathic matter was transported coastward as detrital material in different stages of decay
and Tbecame incorporated in varying proportions in the formations of the Coastal Plain. The
Capacity of the different strata of the Coastal Plain for admitting water and their efficiency as
chan xels for circulation differ greatly. Some of the beds are compact and almost impervious
O WwWrater; some are porous and where the structural conditions are favorable permit the free
Circulation of water. :

"The underground waters in the deposits of the Coastal Plain have been derived from several
Sources, including water entering from the adjacent Piedmont Plateau, rainfall on the Coastal

lain, and originally included sea water.

_ The greater part of the run-off from the Piedmont Plateau flows to the ocean in streams
Wlnch, though they cross the Coastal Plain, probably do not contribute materially to the under-
ground gsupply. The mass of underground water in the deeply weathered surficial rocks of
the Piedmont, however, tends by gravity to drift coastward, some of it doubtless passing into
&e deposits of the Coastal Plain. Of the land-derived underground water rainfall on the
co Astal] Plain itself is doubtless the chief original source of supply. Water from either source
orn*les into contact with feldspathic minerals, either in the rocks of the Piedmont Plateau itself
Pi Ny the formations of the Coastal Plain which were derived from the crystalline rocks of the
thedttlont Plateau, and from these minerals have been derived the characters which distinguish

© underground waters of the area.
incl e more deeply buried beds also contain water composed of a mixture of originally
be . 1ded sea water and subsequently included alkaline land water, both of which may properly
dis Clagsed as fossil waters. The character of the fossil waters in the vicinity of Charleston is
Cussed by Chase Palmer on pages 90-94 of this paper.
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The strata penetrated in the Charleston wells are all of marine origin, and probably the
greater part of the Cretaceous deposits and the lower part of the Eocene deposits have never
been above sea level since their formation, so that no opportunity has been afforded for draining
these ancient waters from them. During subsequent geologic time land-derived waters have
" moved downward along the gently dipping strata and have become mixed with the originally
included sea waters in varying proportions in the different beds and at different places. The
composition of the waters has been further changed by the solution of mineral matter from the
deposits in which the waters havestood and by the precipitation of mineral matter from solution.

The conditions and principles governing the origin, storage, and circulation of underground
waters in North Carolina, which are equally applicable in South Carolina, have been discussed
by Stephenson and Johnson.!

RESUME.

1. The first 75 feet of strata penetrated in the Charleston well is probably of Pleistocene age.

2. Characteristic Pliocene fossils were found in a sample taken at a depth of 82-83 feet.

3. Sands and clays bearing Foraminifera, which have been studied by Joseph A. Cushman,
were penetrated at depths of 86 to 220 feet. On the grounds of lithologic similarity these sam-
ples are referred to the Cooper marl.

4. Strata of Eocene age (the Mount Hope marl (?) of Sloan) were penetrated from depths
of 262 to 454 feet.

5. The strata between depths of 454 and 750 feet ylelded no determinable fossils. Their
age is Upper Cretaceous or Eocene.

6. From a depth of 750 feet to the bottom of the well only strata of Upper Cretaceous age
were encountered.

7. At a depth of 750 feet Foraminifera were found which are regarded by Dr. Cushman as
characteristic Cretaceous species.

8. Between depths of 920 and 1,550 feet fossils characteristic of the zone of Ezogyra costata
of the eastern Gulf region and the Carolinas were obtained.

9. Between depths of 1,725 and 1,862 feet fossils characteristic of the zone of Ezogyra
ponderosa of the eastern Gulf region a.nd the Cerolinas were obtained.

10. Between depths of 1,974 and 2,007 feet fossils characteristic of the fauna of the basal
beds of the Eutaw formation in the Chattahoochee region were brought to the surface by the
natural flow of water immediately after the well was completed. '

11. In view of the fact that at the lower limits of this boring, which reached a depth of
nearly 2,000 feet below sea level, no Lower Cretaceous beds had been reached, it is interesting
to note that at Wilmington, N. C., and at the mouth of Cape Fear River, N. C., borings which
reached basement crystalline rocks at 1,100 feet and approximately 1,535 feet. respectively,
below sea level, failed to encounter strata older than Upper Cretaceous.

MINERALOGY OF WATERS FROM ARTESIAN WELLS AT CHARLESTON, S. C.
By CHASE PALMER.

PRIMARY ALKALINE FOSSIL WATERS.

The writer made a complete analysis of the water from the new well at the power plant of
the Charleston Consolidated Railway & Lighting Co. at the foot of Charlotte Street and a parallel
analysis of the water from the old artesian well at the corner of Meeting and Wentworth
streets, Charleston, with two objects in view-—first, to compare the quality of the water of the
old well (1,260 feet deep) with that of the new well (2,007 feet deep), and, second, to determine
what changes, if any, might have taken place in the quality of the water of the old well since
1868, the date of its first recorded analysis. It may bestated here that no material change is
shown either in the chemical character of the solution or in its concentration 44 years after it
was analyzed by Charles U. Shepard who in 1882, published many analyses of waters of wells

1 Stephenson, L.wW, and Johnson, B. L., Water resources of the Coastal Plain of North Carolina: North Carollm Geol. and Econ. SBurvey
vol. 3, pt. 2, pp. 342-348, 1912.
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in and near Charleston.! The mineralogy of these artesian waters is here briefly outlined and is
compared with that of one other well water underneath Charleston and with that of the water
of surface streams of the Piedmont Plateau.

On Citadel Green, in Charleston, in 1876, a well was sunk to a depth of 1,980 feet, and a
fairly complete analysis of the water coming from that depth was then made by S. T. Robin-
son, jr. The Citadel Green well evidently reached the same underground water that supplies
the new 2,007-foot well of the Consolidated Railway & Lighting Co., for the waters of the two
wells exhibit a close resemblance in mineralization. This resemblance is not confined to the
degree of concentration of mineral substances but extends to the chemical qualities of the two
solutions, for the reaction properties of the water of the 2,007-foot well are proportionally the
same as those of the water of the 1,980-foot well, which was analyzed 35 years ago.

The waters at the 1,260-foot level and at the 1,980-foot level under Charleston differ
markedly in the proportions of their reaction properties. This fact, taken in connection with
the fact that the character of each solution remains practically unchanged after an interval of
several decades, leads directly to the conclusion that these two artesian waters are from inde-
pendent watercourses. On the other hand, they have in common certain peculiarities which
might be expected if the natural conditions governing their original sources and their present
environment were recognized. '

By reason of its higher position and the impervious underlying granite the Piedmont
Plateau is naturally one source of the water contained in the sands that are buried under mate-
rial derived from the upland. It is therefore desirable to know, first, the quality of surface
waters now flowing in the Piedmont area and of the surficial waters of the upper Coastal Plain
before they enter the ground water of the Coastal Plain, and, second, the quality of the under-
ground waters near the coast, as indicated by the waters of three artesian wells under the city of
Charleston, S. C. In order to show the character of the surface waters the waters of Peedee and
Wateree rivers are chosen, because they typify the river waters of the Piedmont Plateau and
upper Coastal Plain of the southern Atlantic coast. The qualities of the series of surface waters
from the James in Virginia to the Ocmulgee in Georgia are tabulated in a recent publication of
the United States Geological Survey.?

The analysis of an artesian water coming from a depth of 425 feet, to be used in a compara-
tive study of the waters from the two lower levels, is obtained from the records of the municipal
report of Charleston on artesian wells, already cited. ’

INTERPRETATION OF ANALYSES.

As the interpretation of water analyses adopted in this report is new, its novelty warrants
a preliminary statement of the principle on which it is based and justifies definitions of the
terms used in its application. This chemical interpretation is based, not on the amounts of
the constituents found by the analyst, but on their reaction capacities, and thus is opened a
way leading directly to a consistent nomenclature of water qualities and a consistent classifi-
cation of waters, as has been shown by the writer elsewhere.?

In recent years the geologist has relied on the statement of the results of a water analysis
for information concerning the quality of the water analyzed. A mere statement of the amounts
of radicles, which are only parts of substances dissolved in a water, has no chemical significance,
for it tells nothing of the qualities of the solution, the characterization of which is the chief
object of the analysis.

Fortunately the chemist is able to measure quantitatively four qualities of the water
solution without resort to a complete analysis. The qualities capable of direct measurement
are acidity, permanent hardness, temporary hardness (temporary alkalinity), and permanent
alkalinity. A fifth quality of water, namely, saltness, caused by strong acid salts of the alkalies,
can not be so easily determined. This quality may be found, however, by balancing the reacting

1 Municipal report of the city of Charleston, 8. C., for 1881.
2 Palmer, Chase, The geochemical interpretation of water analyses: U. 8. Geol. Survey Bull. 479, Table 2, opp. p. 16, 1911.
3 Palmer, Chase, op. cit.
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values of the positive and negative radicles found by analysis after deducting the reacting values
of all the radicles that go to make up the other qualities directly measurable in the water solution.
By proportionating this quality with the other qualities found in a water a rational statement
of the chemical character of the water solution may be obtained.

FORMULA OF THE SOLUTION.

The reaction capacities of the radicles of the salts dissolved in water are the quotients
obtained by dividing the weight of each radicle by its corresponding equivalent combining
weight. The quotients thus obtained have been called the ‘‘reacting values’’ ! of the radicles.

Owing to the differences in the concentration of waters the application of the reacting
values to the character of water is necessarily restricted to the water under examination. If,
however, the reacting values are expressed in percentages of their sum they may be used in
the comparative study of different waters. This expression of the reacting values of the
radicles in percentages is called the formula for the mixture of salts dissolved in a water, and
on this formula rests the comparative study of waters in this report.

PROPERTIES OF NATURAL WATERS.

Nearly all natural waters have two general properties—salinity and alkalinity—on whose
relative proportions their fundamental characters depend. All the radicles of .the alkalies and
alkaline earths tend to form alkaline solutions, but only the strong acid radicles (sulphate,
chloride, nitrate) can overcome this tendency and render an alkaline solution neutral or saline.
The sum of the reacting values of the strong acid radicles is therefore a measure of the salinity
(saltness) of a natural water which is a solution of salts of strong and weak acids. The sum
of the reacting values of the metallic radicles in excess of the values of the strong acids is a
measure of the alkalinity of a water.

In the qualities of waters included in this report only two kinds of salinity and two kinds
of alkalinity will be considered. In accordance with the prevalence of the reacting values of
the alkali group (sodium, potassium) and the alkaline earths group (calcium, magnesium)
four special properties are possible, namely:

1. Primary salinity (alkali salinity)—that is, saltness such as would be caused by sulphates
and chlorides of the alkalies. .

2. Secondary salinity (permanent hardness)—that is, saltness such as would be caused by
sulphates and chlorides of calcium and magnesium.

3. Primary alkalinity (permanent alkalinity)—that is, alkalinity such as would be caused
by hydroxides, carbonates, and bicarbonates of the alkalies.

.4. Secondary alkalinity (temporary hardness)—that is, alkalinity such as would be caused
by weak acid salts of calcium and magnesium.

Secondary salinity and primary alkalinity are incompatible, so that both of these qualities
are not found in the same water. The waters considered in this report are represented by
three qualities; for instance, an assemblage of 1, 3, 4, or an assemblage of 1, 2, 4, exemplified

by ocean water.
COMPARISON OF WATERS.

The analyses of the waters of Peedee and Wateree rivers (columns 1 and 2 in the accom-
panying table, p. 93) show that they are very dilute solutions having practically the same
concentration. Moreover, these two waters are almost identical in composition, as may be
seen by comparing the amounts of the radicles in column 1 with the amounts of the radicles in
column 2. This close similarity in composition of two surface waters in different river basins
at points 70 miles apart cross-country is noteworthy and is in marked contrast with the evident
difference in composition of the three underground waters (columns 3, 4, 5) at Charleston, at
levels separated by vertical distances of only a few hundred feet.

1 Stabler, Herman, The mineral analysis of water for industrial purposes and its interpretation by the engineer: Eng. News, vol. 60, p. 356,
1908; also, chapter on industrial application of water analyses in U. 8. Geol. Survey Water-Supply Paper 274, pp. 161-181, 1911.
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TABLE 1.—Analyses and formulas of surface and artesian waters and of ocean water.
[Analyses in parts per million; formulas in percentages of reacting values.}

93

River mrtfastg“Phdmont Artesian waters at Charleston, 8. C. Ocean
} . water
(for-
Constituent. Analyses Formulas. Analyses. Formulas. mula).
1 2 la 23 3 4 5 3a 4a 58 [
7.2 19.3 19.1| 1,154 |1,014 421 43.6 47.4 49.1 38.5
1.8 2.8 2.5 14 41 4.4 3.3 11 3 .8
5.7 18 17.2 14 3 .8 .8 .4 18
2.3 8.7 11 31 8.3 .4 2.3 .7 .1 8.9
.1 1.2 D N PR Tr. b 1 2N PR S N .
4.2 5.2 8.5 271 Tr. 7.2 4.8 0 .5 4.6
2.2 3.8 4 1,483 944 92 36.4 7.1 6.7 45.2
...... P R R Tr. Tr. |........ Tr. Tr. .1
39 | 404 | 4001 @y C[i,ii87T7 a2 @ PO I
0 [} 0 303 41 54 .8 3.1 4.7 .1
b« (R PR 40 36 < 7 S (R R O
69.8 | 100 100 3,449 II,G&'S . 1,051 100 100 100 100
a Condition in solution unknown. CO; estimated in residue.
1. Peedee River at Peedee, N. C. Avernge of 10 analyses made at U, 8. Geolofled Survey in 1908,
2. Wateree River at Cunden; 8.C. Averageof 15 analBses made at U. S. Geological SBurvey in 1908.
3. Artesian well at Chisholm’s mill, Charleston, 8. C. Depth, 425 feet. Analyzed in 1879 bg William Robertson.
; Old artesian well at corner Meeting and W entworth streets, Charleston, 8. C.; 1,260 feet .

h 1912 by Chase Palmer.
- Oc’éan
Water i3 35,000 parts per million.

TABLE 2.—Reaction properties of Piedmont surface waters, of walers of artesian wells, and of ocean water.

. New artesian well at Charleston Consolidated Railway & Lighting Co.’s station, Charles

feet deep.

Analyzed in 1912 by Chase Palmer.
ton, 8. C.; 2,007 Bunk

in1911. Analyzed

water. Values obtained from average results of 77 analyses of sea water given in Challenger report. The average concentration of sea

1

2

3

4

5

19 2 82 57 14 78.8
0 0 0 0 0 21.1
25 2 12 40 85 0
5 57 [} 3 1 .3
100 100 100 100 100 100.0

Aside from such observations as these there is little to be gained by considering the amounts
of the constituents found in a water, but in the formulas derived from the reacting values of
the constituents the relative reaction capacities of all the constituents can be seen at a glance.
For instance, the relative reaction capacity of the alkalies and alkaline earths in surface waters
flowing in areas of crystalline rocks is illustrated in column 1a. The sum of the reacting values
of the alkalies (Na, K) is 22.1 and the sum of the reacting values of the alkaline earths (Ca, Mg)
i826.7. Thus the aggregate values of the alkaline earths exceed the aggregate values of the
alkalies by 4.6 per cent, although the alkaline earths weigh less than the alkalies (column 1).
Again, the combined weights of the sulphates and chlorides (column 1) is exactly equal to the
weight of calcium (6.1), yet their capacity of neutralizing calcium is notably deficient because
thesum of the reacting values of chlorides and sulphates (column 1a) is 9 and the reacting

value of calcium is 18.

In general, calcium and magnesium are potent factors of quality in surface streams, and
their importance in this respect is due largely to their relatively high reaction capacities, which
must be considered if the full chemical value of these two constituents is to be appreciated.
Unfortunately, writers on the geochemistry of waters have fixed their attention on the absolute
weights of the dissolved constituents, so that they have failed to observe important facts concern-
ing the chemical character of waters, especially facts relating to geology. Too much stress can
not be laid on the consideration of the reaction capacity of every constituent that contributes
to the quality or character of the water solution, for it is by their measurable qualities that
solutions as well as other- homogeneous substances are characterized. It is surprising that,
In their attempts to characterize and classify waters, hydrologists have failed to apply this

basic principle of chemical science.
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The summaries of reaction properties of the three artesian waters (Table 2) show remark-
able regularity in the variations in the proportions of all their properties. They are all pri-

-mary alkaline solutions and hence are referable to a common origin, namely, the Piedmont

Plateau, whose surface streams are uniformly characterized by primary alkalinity. Again, the
progressive decline in the proportion of salinity (from 82 per cent to 14 per cent) among the
properties of these waters in connection with constantly increased dilution of the solutions sug-
gests at once that at increasing distances from the surface these waters are less and less affected
by still stronger saline solutions found in the Coastal Plain.

The formulas of these three artesian waters (Table 1) present a picture showing in
detail the differences in the relative values of all the constituents. The preponderance of
sodium in these underground waters as compared with its value in the Piedmont Plateau surface
waters is noteworthy. The low values of calcium and magnesium are no less striking than the
changes that appear in their relative prominence. In the water of the 425-foot well magne-
sium exceeds calcium. This relation is not known to exist in any of the surface waters of the
Piedmont Plateau from Virginia to Georgia or in the Coastal Plain river waters entering the
eastern Gulf of Mexico. In all these river waters calcium exceeds magnesium by a wide margin.!

The excess of magnesium over calcium in the water of the 425-foot well, taken in connec-
tion with the high proportional values of chlorides and sulphates, points directly to the presence
of ocean water (column 6), in which the relations of all these constituents are similar. Although
magnesium does not prevail over calcium in the waters at the two lower levels, nevertheless
in the waters of the 1,260-foot and 2,007-foot wells traces of bromides have been found.
Additional evidence is thus presented that water of marine origin has been retained in minimal
amounts even by these deep-seated landward waters. The beds in which these waters occur
were deposited in sea water, and doubtless sea water was entrapped in the rocks. In consider-
ation of the restricted circulation underground it does not seem unreasonable to conclude that
even at 1,260-foot and 2,007-foot levels mixtures of fossil primary alkaline waters with fossil
sea water—that is, water of the secondary saline type—may be found.

The water of the 2,007-foot well as it emerges at the surface contains a slimy precipitate
the composition of which is shown in the following analysis:

Analysis of slime from water of a well 2,007 feet deep at Charleston, S. C.
[Analysis reported Sept. 3, 1912.]

<0 55.79
7 T 23. 80
;:,é), ................................................................................... 4.50
i e e e ee e eee e aeeeeeaeeeceaetta et ettt et atat et aat e e e aaan. 1. 41

07 V0 2.43
..................................................................................... 1.87

KO o e iieaieaiaeeereeieeeeaeeieeaaeeieeaaaa, 2.45
0 1.18
. & 4 .02
< 0 Y N 6.50
99. 95

Slimes of this kind are said to be present in the waters of newly drilled deep wells in this
vicinity. After the waters have flowed for longer or shorter periods they gradually clarify.

The consideration of fossil waters has hitherto been restricted to solutions of the secondary
saline type. A brine obtained from a well more than 5,000 feet deep in West Virginia has
recently been examined by the writer. This is evidently a fossil water, a relic of a Devonian sea.
Its secondary salinity represents 45 per cent of its properties, a proportion of secondary salinity
more than twice as high as that of modern sea water.

It is just as reasonable to suppose that waters of the primary alkaline type are capable of
fossilization as it is to suppose that secondary saline waters are fossil.

1 U. 8. Geol. Survey Bull. 479, Tables 2 and 3, 1911.
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THE STRATIGRAPHY OF THE MONTANA GROUP, WITH SPECIAL
REFERENCE TO THE POSITION AND AGE OF THE JUDITH
RIVER FORMATION IN NORTH-CENTRAL MONTANA.

By C. F. BoweN.

INTRODUCTION.

The differences of opinion which have arisen regarding the stratigraphic position and age
of the Judith River formation led the writer to undertake a study of the Montana group in order
to determine, if possible, the stratigraphic relation of this formation. Stanton and Hatcher
had previously announced that the Judith River formation is of Cretaceous age. Although at
first this conclusion was generally accepted, doubt has since arisen as to its correctness. The
investigations of the writer were therefore begun in an area where the formations are well exposed
and where the stratigraphic succession can be.established beyond doubt. From this area the
formations were traced northward to Missouri River in the type locality of the Judith River
formation. This study has demonstrated the correctness of Stanton and Hatcher’s views and
forms the basis of the present paper.

The area here discussed lies east of the Big Snowy and Judith mountains and extends from
Musselshell, on Musselshell River, to Judith, on Missouri River, Mont. The geegraphic location
of the area is shown by the key map on Plate X.

The investigation, which was of a reconnaissance character, was undertaken to ascertain the
coal resources of this area and to make a special study of the stratigraphy of the formations of
Montana age which are exposed in this part of the State. In this work the writer was assisted
by Harvey Bassler, T. K. Harnsberger, and J. R. Jaquet. The economic results-of the investi-
gation have already been published.!

In the preparation of this paper the writer has made free use of all previously published in-
formation, for which credit is given in the proper places. He is especially indebted to Messrs.
C. W. Gilmore, J. W. Gidley, O. P. Hay, F. H. Knowlton, and T. W. Stanton for assistance
rendered in the preparation and arrangement of the paleontologic data. Inasmuch as the
writer is not a paleontologist, it is proper to state here that the remarks regarding the synonymy
and the validity of the determination of certain of the species of vertebrates have been extracted
largely from the writings of E. D. Cope, J. B. Hatcher, O. P. Hay, L. M. Lambe, R. S. Lull,
and H. F. Osborn and have been approved by C. W. Gilmore.

PREVIOUS WORK.

Since 1853, when Hayden did his first work on the upper part of Missouri River, many
observers have contributed to the discussion of the stratigraphic position of the Judith River
and underlying formations. Most of these early observers, including Hayden, Meek, Cope,
C. A. White, and Peale, studied the section along Missouri River but did not attempt detailed
mapping of the individual formations. In recent years more detailed work has been done in
this and adjacent areas by Stanton and Hatcher,> Calvert,® and Lupton.*

1Bowen, C. F., Coal discovered in a reconnaissance survey between Musselshell and Judith, Montana: U. 8. Geol. Survey Bull. 541, pp. 329-
37,1914,
2 Stanton, T. W., and Hatcher, J. B., Geology and paleontology of tho Judith River beds: U. S. Geol. Survey Bull. 257, 1905.
4 Calvert, W. R., Geology of the Lewistown coal field, Montana: U. 8. Geol. Survey Bull. 390, 1909.
4 Lupton, C. T., The eastern part of the Bull Mountain coal ficld, Montana: U. 8. Geol. Survey Bull. 431, pp. 163-159, 1911,
95
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BASE MAP AND FIELD METHOD.

The United States Geological Survey is preparing a map of the United States for publication
on a scale of about 16 miles to the inch. Part of this map was enlarged to a scale of 4 miles
to the inch and used as the base for the geologic map (Pl. X). The land lines and the drain-
age on this map are fairly accurate. The slight discrepancies which occur are so small that
they do not appreciably affect the accuracy of the map on the scale on which it is here pub-
lished, and therefore no adjustments were made.

Horizontal control for the geologic mapping was based on township surveys of the General
Land Office. A main stadia traverse tied to land corners, generally not less than once in each
township, was carried throughout the area, this part of the work being done with a Johnson
plane table and a Gale telescopic alidade. Side lines, tied to the main traverse and to land
corners, were made by horse pacing and by triangulation, with a 15-inch plane table and an
open-sight alidade. By these methods the structure was platted and the boundaries of the
formations were mapped. On the map thus prepared (Pl. X) the portions of the boundaries
that were located with considerable accuracy are represented by solid lines and the portions
that were located only approximately are represented by broken lines.

STRATIGRAPHY.
GENERAL SECTION.

The formations represented in the area here considered are the Colerado shale, Eagle sand-
stone, Claggett formation, Judith River formation, and Bearpaw shale, of Upper Cretaceous
age, and the Lance formation, of Tertiary (?) age. The geologic age and stratigraphic relations
of the Eagle, Claggett, Judith River, and Bearpaw formations in north-central Montana were
worked out by Stanton and Hatcher! in 1903, but Peale? in a recent article dissents from the
conclusions they reached. The sequence, thickness, and characteristics of these formations, as
determined by the studies of the writer in this field, are shown in the following generalized
section:

Genceralized section of the sedimentary rocks in the area between Judith and Musselshell, Mont.

8 and Thickness
y‘st:ili:s. Group. Formation. Characteristics. (fost).
T“‘mg’l"“ Lance forma- | A jternating gray sandstone and clay shale, with thin beds of coal near the top.s 700-800

Marine shale, dark gray toblacklnug part but with greenish tinge in lower

Bearpaw| partin southern portion of the fleld; contains numerous calcareous concre- 1,100+
shale. tions which yield Baculites ovatus, Baculites com , Scaphites nodosus, 4

Inoceramus barabint, and other species ic of the Pierre shale.

Alternating beds of sandstone, clay, and shale, including carbonaceous mem-
bers, mainly of brackish or fresh water origin. In the northern part of the
Judith River area a more or less persistent coal bed occurs near the top of the formation 250-500
formation. and is in most places overlain by a bed of marl or breccis, oontuini.nf great
numbers of Ostrea subtrigonalis. The formation also contains bones of verte-

brates, fragments of leaves and stems, and much silicified wood.

Montana. -
ous). An upper division consisting of altumﬁil‘g beds of sandstone and shale, becom-
ing predominantly sandstone at wgh arine fossils occur in these sandstones
along Missouri and Judith rivers but have not yet been found in the south- 200+
ern of the area. The common forms are T'ancredia americana, Cardium
m, Mactra formosa, Mactra alta, and other species formerly considered
Claggett for- | s characteristic of the Fox Hills sandstone.
mation. [

A mooionity of postantaagioaty i the Bearpaw shate, b Tk oom.

olo, or paleontolo; y from the Bearpaw e. 0 com-

mon fossils {re ;:éuluu ovatus, Baculites compressus, Gervillia borealis, Ino- 500+
ceramus barabini, and Leda evansi—species characteristic of the Pierre shale.

Cretaceous (U
Cretace. |

a Lupton, C. T., The eastern part of the Bull Mountain coal field, Montana: U. 8. Geol. Survey Bull. 431, pp. 169-170, 1811.

1 Op. cit., p. 63.
2Peale, A. C., On the stratigraphic position and age of the Judith River formation: Jour. Geology, vol. 20, pp. 530-549, 640-652, 738-757, 1912
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Generalized section of the sedimentary rocks in the area between Judith and Musselshell, Mont.—Continued.

System snd Group. Formation. Characteristics. I ’l‘lz}:ekseas
I

In the northern put of the field the upper member of the Eagle sandstone con- '
sists of thin-bedded sandstone with some interbedded shale, and the middle
member consists principally of dark-colored shale in which there are a few 100-180
thin beds of carbonaceous shale, coal, and sandstone. In the southern part
of the field the middle member consists of thin-bedded shaly sandstone and
contains no coal or carbonaceous beds.

Montana—Con I E:gle sand-
tinued. -‘ one.

Cretaceous w sandstone member, a massive to huvy bedded sandstone which is |
© Cre- ' highly cross-bedded in some places. In the northern part of the fleld it is
4y o prev revailingly of a white color and eoxmlns numerous small rusty concretions. 100-120
\ n the southern part of the field the color is gray to light brown. It forms
Continued. w

consplouous ledges or hogback ridges wherever e
In its the Colorado 1s a black marine shale, alternating with thin |
I beds of sandy shale and sandstone. At one locality ‘examined a calcareous
Colorado fossiliferous sandstono oceurs in the uj gart of the lormatlon The lower | Not measured.
 shale. part of the formation was not stud wumes Ia:zm‘ osinia orbiculata,
Gyrodes conradi, Inoceramus deform. I Scaphites ventri-
cosus, and other forms were obta!nad from thh rorlnatlon

CRETACEOUS SYSTEM.
COLORADO SHALE.

Position and character—Conformably beneath the Montana group lies black laminated
shale in which are thin beds of arenaceous material. The shale at several localities has yielded
fossils which T. W. Stanton has pronounced of Colorado age.

Distribution and topographic expression.—The Colorado shale is somewhat widely distrib- -
uted to the west and south of the area mapped, where it is exposed around the anticline of
the Big Snowy Mountains. From Willow Creek, in the southern part of this field, to the North
Moccasin Mountains the shale is well exposed immediately beneath the Montana group, and
at two localities it occurs as an inlier, brought up by subordinate folds, within the area occupied
by the younger rocks. Because of its slightly resistant character the shale is easily eroded and
occupies valleys bordered by the more resistant beds of overlying sandstone.

Relation to overlying formations.—The Colorado shale lies conformably beneath the Eagle
sandstone and is separated from the typical sandstone by a transitional zone of sandy shale.
The boundary between the two formations was drawn at the top of the transitional zone,
because this horizon marks the most abrupt lithologic change and is most easily recogmzed in

the field.
EAGLE SANDSTONE.

Definition.—The name Eagle sandstone was given by Weed® to the formation overlying
the Colorado shale in north-central Montana and typically exposed on Missouri River at the
mouth of Eagle Creek, 40 miles below Fort Benton. In the type locality the formation as
defined by Weed consists of three more or less distinct units, comprising an upper member of
thin-bedded sandstone, a middle member of shale, and a lower member of massive ledge-making
sandstone. This lower member is so persistent and characteristic over a large area in north-
central Montana, even where the other divisions of the formation are not recognizable, that it
seems desirable for purposes of description and correlation to give it a name. It is well exposed
along Missouri River from the town of Virgelle, a few miles below Fort Benton, eastward, and
the name Virgelle sandstone member of the Eagle sandstone has therefore been adopted by the
United States Geological Survey for this division of the formation. The Virgelle sandstone
member is the lower massive ledge-making sandstone of the Eagle sandstone as defined by Weed.

According to Stanton and Hatcher, the Eagle sandstone constitutes the lowest formation
of the Montana group, and the fossils collected from it by the writer have been determined by
Mr. Stanton to be of Montana age.

1 Weed, W. H., U. 8. Geol. Burvey Geol. Atlas, Fort Benton folio (No. 55), 1899.
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Character and thickness.—In the southern part of the field the Virgelle sandstone member
of the Eagle consists of a dull-gray to brownish massive, ledge-making sandstone about 100 feet
thick; the middle division of the Eagle is a thin-bedded shaly sandstone; and the upper division
is a thick-bedded, resistant sandstone in which large rusty-brown concretions are locally very
numerous. As the formation is traced northward a change in the lithologic character may
be noted about 12 miles east of Black Butte, where carbonaceous beds and thin streaks of coal
begin to appear in the middle division of the formation. From Black Butte westward thin beds
of carbonaceous shale and coal occur in this part of the formation at several places, and near
Deerfield (about 8 miles southwest of the area mapped on Pl. X) coal is being mined from a bed
which, according to descriptions given by residents, overlies the Virgelle sandstone member.
On Missouri River the formation shows still further changes in lithology; the Virgelle sandstone
member is- glistening white to dull white in color, the middle division of the formation has
changed to dark shale containing several thin beds of coal, and the upper division consists of
thin-bedded sandstone and sandy shale.

The total thickness of the Eagle sandstone ranges from 200 feet in the southern part of the

field to 250 or 300 feet on Missouri River.

Distribution and topographic expression.—The Eagle sandstone occupies a narrow belt over-
lying the Colorado shale from Willow Creek to the North Moccasin Mountains. West of these
mountains (beyond the area mapped) it is more widespread, because of the decrease in the dip
of the beds. The formation is also exposed at several places on Judith and Missouri rivers north
of Fullerton. In these places it has been brought up by faulting.

From Willow Creek north to Boxelder Creek the Eagle sandstone forms ledges 25 to 100
feet high. Throughout the rest of the area the beds are inclined at angles of 20° to 70° and the
formation produces narrow ridges with sandstone ribs along their crests. A characteristic
topographic feature of the Eagle is a double ridge, formed by the sandstones of the upper and
lower divisions of the formation, separated by a shallow depression that is occupied by the
more easily eroded beds of the middle division.

Because of its ledge-making habit, the Eagle sandstone is well exposed and easily traced
throughout the area, except on the north side of the Judith and North Moccasin mountains,
where it is partly obscured by gravel washed down from the mountains.

Relation to Claggett formation and correlation.—The Eagle is conformable with the overlying
Claggett formation, from which it is distinguished by its lithologic character. The correlation
of the Eagle on Missouri River with that mapped from the North Moccasin Mountains to the
south side of the field is rendered certain because of its stratigraphic position, between the
Colorado shale below and the shale of the Claggett formation above.

CLAGGETT FORMATION.

The name Claggett was given by Stanton and Hatcher® to the formation overlying the
Eagle sandstone because the formation is well exposed in the neighborhood of Judith (old Fort
Claggett), on Missouri River, which therefore becomes the type locality. As originally defined,
the Claggett is separable into two divisions—a lower one of shale and an upper one consisting
predominantly of sandstone. This definition will be followed in the present paper, though the
writer believes that the upper division belongs more naturally to the Judith River formation.

Character and thickness.—The lower division of the Claggett consists of dark marine shale
similar both lithologically and paleontologically to the Bearpaw shale, which will be described
later. It is about 750 feet thick in the southern part of the field, as determined by stadia
measurement. Just north of Fullerton, on Judith River, an aneroid measurement gave a
thickness of about 500 feet, and at this locality the upper division is about 120 feet thick.

The upper division consists of alternating beds of sandstone and shale, becoming pre-
dominantly sandstone in the upper part. At the top there is a bed of massive rusty-brown
sandstone ranging from 1 foot to 20 feet in thickness. These beds were included in the Claggett
by Stanton and Hatcher because they contain a marine fauna.

1 8tanton, T. W., and Hatcher, J. B., Geology and paleontology of the Judith River beds: U. 8. Geol. Survey Bull. 257, p. 13, 1905.
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The dark shale constituting the lower division of the Claggett contains Baculites ovatus,
Baculites compressus, Inoceramus barabini, Leda evansi, and other forms characteristic of the
Pierre shale, most of which also occur in the Bearpaw shale. At the type locality of the
Claggett its upper division contains Cardium speciosum, Mactra alta, Mactra formosa, Tancredia

americana, and some other forms, all marine types, many of which occur in the Fox Hills sand-
stone. This fauna led the earlier geologists to assign the beds to the Fox Hills.

Distribution and topographic expression.—The surface distribution of the Claggett is shown
on the accompanying map (Pl. X). Along the southern margin of the field and also along the
torth side nearly as far west as Black Butte the outcrop of the formation is very narrow, because
the dip of the beds is steep. West of Black Butte the dip gradually decreases and the width of
outcrop increases, so that north of the North Moccasin Mountains the formation is very wide-
Spread. Its western boundary was not mapped in this part of the field, but a complete section
of the formation is exposed in the valley of Judith River between a point a few miles north of

€erfield and Missouri River.

The soft shale of the lower division of the Claggett is easily eroded and generally occupies

©pression between the ridges formed by the underlying Eagle sandstone and the overlymg
s\“Qstone of the upper division of the Claggett and the Judith River. The formation is in
general well exposed throughout the area described, but along the north side of the Judith and
North Moccasin mountains the exposures are not so good, the formation being covered in places
by gravel washed down from the mountains. There is also a narrow gap in the outcrop north
of Boxelder Creek, where the Claggett has been eroded from the axis of the Cat Creek anticline.

The lower division of the Claggett is easily recognized and traced in the field, because of
its lithologic character and its effect on the topography. The upper division is less readily
recognized and traced, because of its resemblance to the Judith River formation, which it
immediately underlies, but north of the North Moccasin Mountains it is very promment in the
upper part of the bluffs of the Judith River valley and is identified by the marine fossils which
it contains. East of the North Moccasin Mountains no fossils were found in this division of the
formation, but it was recognized in many places, notably south of Flat Willow Creek, by its
rusty-brown color and its resistance to erosion, because of which it forms a cap protecting the
underlying softer rocks.

Relation to other formations.—The gradual transition from the marine Claggett to the over-
lying fresh-water Judith River formation is adequately expressed by the following quotataon
from Stanton and Hatcher.! Describing the exposures on Dog Creek, they say:

For considerable distances the Judith River beds are nearly or quite horizontal and conformably overlie the
Claggett formation in such a manner that it is difficult to determine where one formation ends and the other begins,
although in the field a bed of yellowish-brown sandstone varying in thickness from 1 foot to 20 feet or more was regarded
a5 the upper limit of the Claggett formation. * * * From the pemsistence of this sandstone and from the fact that
it marked the beginning of a decided change in the lithology of the underlying and overlying beds, it would certainly
form a convenient delimitation between the two series of deposits and should perhaps be considered as the upper-
most member of the Claggett formation, notwithstanding that in a number of instances typically marine fossils extended

for some distance above in the basal members of those lighter-colored sandstones and shales usually referred to the
Judith River beds and generally congidered as entirely of fresh or brackish water origin.

Cope’s observations also agree with those of Stanton and Hatcher. He says: ?

From what has preceded the general conclusion is reached that the series of beds from the lowest of the Fort
Pierre epoch to the summit of the Judith River is continuous and uninterrupted by any nonconformity or hiatus.
They appear to have been deposited in regular sequence, and without any other disturbance than that oscillation of
the bed of the sea which causes change in the character of the sediment.

On the other hand, Peale * says that there is a suggestion of an unconformity between
the upper division of the Claggett (called Fox Hills by him) and the Judith River beds in the
valley of Judith River below Fullerton.

! Stanton, T. W., and Hatcher, J. B., op. cit., p. 36.
2 Cope,E.D., Boport on the geology of the region of the Judith River, Montana, and on vertebrate fossils obtained on or near the Missouri

River: U. 8. Geol.snd Geog. Burvey Terr. Bull. 3, p. 574, 1877.
3 Peale, A. C., On the stratigraphic position and age of the Judith River formation: Jour. Geology, vol. 20, p. 543, 1912,
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The writer's observations agree with those of Stanton and Hatcher and those of Cope.
He was unable to detect any evidence of unconformity either between the Claggett and Judith
River formations or at any other horizon in the section from the Colorado shale up to and
including the Lance formation. He is of the opinion, however, that the upper division of
the Claggett more properly belongs with the Judith River formation. Stanton and Hatcher
included this upper division in the Claggett formation because it contains a marine fauna, but
the preceding quotation from them shows that there is no sharp line of demarkation either in
lithology or paleontology between it and the overlying fresh-water beds. On the other hand,
there is a rather marked lithologic change between the upper and lower divisions of the
Claggett. Furthermore, in the southern part of this field no marine fossils have been found
in the upper division of the Claggett formation, and therefore the distinction between Claggett
and Judith River as at present defined is even less marked here than on Missouri River. In
fact, in the southern part of the field it is not practicable to separate the sandstone that has
been included in the Claggett formation from the Judith River formation. Similarly, 35 miles
northwest of the mouth of Judith River, in the Big Sandy coal field, where the same formations
are involved, no marine fossils occur in the sandstone immediately overlying the shale of the
Claggétt formation. Instead of containing marine fossils the sandstones, which there seem to
be the equivalent of the upper division of the Claggett at the mouth of Judith River, contain
carbonaceous beds and fresh or brackish water shells and are, therefore, of fresh or brackish
water origin. Inasmuch as the occurrence of marine fossils in the upper division of the Claggett
seems to be a local phenomenon, inasmuch as these marine fossils are not limited strictly to
the Claggett as now defined but in some places extend up into the overlying Judith River for-
mation, and inasmuch as the most striking lithologic change in the beds is at the base of the
upper division of the Claggett, it seems to the writer that this is the most logical horizon to
designate as the boundary between the Claggett and Judith River formations. It also con-
stitutes a horizon that may be readily recognized in the field because of the striking difference
between the dark fossiliferous marine shale and the overlying lighter-colored sandstone. It is
true, however, that these marine strata were excluded from the Judith River formation in all
the early descriptions of the type area, and this fact doubtless influenced Stanton and Hatcher
in fixing the upper boundary of the Claggett formation when they described it in the same area.

Prior to the work of Stanton and Hatcher the upper division of the Claggett was called
Fox Hills, and that assignment has recently been reiterated by Peale.! This correlation is
based on the fact that many of the fossils occurring in the upper division of the Claggett at the
mouth of Judith River are identical with those that occur elsewhere in the typical Fox Hills.
The relations of this fauna are discussed more fully in the paleontologic part of this paper
(pp- 114-115), and it will suffice here to point out that this so-called Fox Hills sandstone has been
traced by means of its fauna from Missouri River southward as far as the North Moccasin
Mountains and has been recognized by its color and lithology at other places as far south as
Flat Willow Creek and that it is positively known to be overlain at these places by the Judith
River formation and a marine shale (the Bearpaw) which has a Pierre fauna. The sandstone
therefore does not occupy the stratigraphic position of the Fox Hills sandstone at the type
locality.

JUDITH RIVER FORMATION.

The Judith River formation is chiefly of fresh or brackish water origin and lies between
- two marine shales. The formation was named by Hayden in 1871, but at that time its strati-
graphic position was not understood. In 1903 Stanton and Hatcher * determined that the for-
mation is a member of the Montana group and is the time equivalent of a part of the Pierre shale.

Character and thickness.—The Judith River formation consists of alternating beds of light-
colored sandstone and clay, in which occur thin beds of carbonaceous shale. In the northern

1 Peale, A. C., On the stratigraphic position and age of the Judith River formation: Jour. Geology, vol. 20, pp. 756-756, 1012.
1 Hayden, F. V., Geology of the Missouri Valley: U. 8. Geol. Burvey Terr. [Fourth Ann.] Prel. Rept., p. 97, 1871.
3 Op. cit., p. 267.

.
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part of the area the formation contains some coal but is not known to be coal bearing east of
Armells Creek. It yields fresh and brackish water invertebrates and locally some of marine
origin. At many places there is near the top of the formation a bed ranging from less than 1
foot to several feet in thickness that is made up almost wholly of shells of Ostrea subtrigonalis
and is therefore called the Ostrea marl or breccia. The formation also contains bones of verte-
brates, much silicified wood, and stems and fragments of plants, though well-preserved leaves are
exceedingly rare.

The thickness of the formation on Willow Creek in the southern part of the area, as deter-
mined by stadia measurements, is 250 to 275 feet. It seems gradually to thicken northward,
and in the northern part of the area it is about 500 feet thick.

Distribution and topographic expression.—The surface distribution of the Judith River
formation from the south side of the field to T. 20 N. is shown on the accompanying map (Pl. X).
North of T. 20 N. its upper boundary was not mapped. The variations in the width of the
outcrop of the formation coincide in a general way with those of the underlying Claggett
formation.

Where the beds are nearly flat-lying, as in the areas south of Flat Willow Creek and north-
west of Roy, the Judith River weathers into badland forms, but where the beds dip steeply
the formation gives rise to narrow ridges with sandstone ribs along their crests, very similar to
the ridges formed by the Eagle sandstone. The Judith River is well exposed and its outcrop
is easily traced because of its position between the shaly Claggett and the Bearpaw shale, both
of which occupy low ground. The formation was traced from the southern border of the field
northward nearly to Boxelder Creek, where it passes beyond the eastern limit of the area mapped.
It reenters the area in T. 15 N., R. 29 E. There is no doubt that if followed farther east the
formation could be traced continuously around this gap! and that all the formations exposed
south of Boxelder Creek could be connected directly with those on the north border of the
field. The sequence, character, and fauna of the formations are identical in these two areas.
From T. 15 N., R. 29 E., the Judith River formation was traced continuously to the mouth of
Judith River and was there found to be identical with the Judith River formation of Hayden,
this locality being in the western part of his original area. As far west as Roy the formation,
because of its highly inclined attitude, makes a hogback ridge and may be traced almost as readily
as a turnpike.  West of Roy it is well exposed along the main drainage lines, such as Boxelder
Creek, Armells Creek, and Dog Creek, though it is commonly not well exposed on the divides.
West of Dog Creek the exposures are continuous along the east side of the valley of Judith River
and its tributaries from the North Moccasin Mountains north to Judith. The tracing of the
formation across the field is therefore rendered very certain.

As the possibility of mistaken identification of formations in the faulted area north of Ful-
lerton may be urged and doubt therefore cast on the above statements, it may be well to point
out again that the correlations in this part of the field do not rest on the tracing of the Judith
River formation alone, but that the underlying Claggett formation, composed of two distinct
members (the Pierre and Fox Hills of Peale and many of the earlier geologists), each containing
a characteristic fauna, can be traced with equal certainty. (See quotation from Peale, p. 111.)
On page 104 it is stated that the maximum displacement due to the faults north of Fullerton is
probably about 650 feet, and that therefore the key rocks—the two members of the Claggett
formation—are in no place lost to sight. In view of these conditions it seems to the writer that
no valid objection can be raised as to the correlation of the formations across this faulted zone.

Relation to other formations.—The relation of the Judith River to the Claggett is considered
on pages 99-100. The formation lies beneath the Bearpaw shale, with which it shows conform-
able relations throughout this field. The evidences of the stratigraphic position and age of
the Judith River formation are considered more in detail in another part of this paper.

t Bince this paper was prepared the writer has traced the Judith River formation around this gap and has thus positively proved its
continuity throughout this field.



102 SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1914.

BEARPAW SHALE.

The Bearpaw shale overlies the Judith River formation and is equivalent to the upper part
of the Pierre shale. The formation was named and its stratigraphic relations were determined
" by Stanton and Hatcher ! in 1903.

Character and thickness.—The Bearpaw is a dark marine shale of the same lithologic char-
acter as the Claggett of this field and the Pierre shale of other localities. It contains numerous
calcareous concretions from which Baculites ovatus, Baculites compressus, Scaphites nodosus,
Leda evansi, and other fossils characteristic of the Pierre are obtained. The formation has a
thickness of 1,150 feet south of Willow Creek, and this thickness seems to be fairly constant
throughout the field so far as the entire formation was studied.

Distribution and topographic expression.—The Bearpaw has a similar distribution to that
of the Judith River. The upper boundary of the formation was mapped as far west as R. 24 E.,
and the lower boundary to about the center of T. 20 N., R. 19 E.; at that point the outcrop
bears off to the east, and a few miles beyond it becomes involved in extensive faults.

The Bearpaw weathers easily and its outcrop generally occupies & depression between the
Judith River and Lance formations, but this feature becomes less distinctive as the width of
the outcrop increases. The formation is well exposed throughout most of the area in which
it was mapped, but, like the Judith River, the Bearpaw passes beyond the eastern margin of
the field and therefore was not traced continuously throughout the area.

Relation to other formations.—The Bearpaw is similar in lithology and paleontology to the
Pierre shale of other localities and to the shale of the Claggett formation in this field. Because
of this similarity the Bearpaw and Claggett were confused by the early geologists who visited
this region and both were called Pierre shale. The following differences have been observed
between the Bearpaw and the Claggett: (1) The Bearpaw is much thicker, as shown by the
table on page 96. (2) The Bearpaw is more fossiliferous and contains a more diversified fauna.
(3) In many places in this field a bed consisting almost wholly of brackish-water shells, largely
Ostrea subtrigonalis, lies immediately beneath the Bearpaw. In this field no shells of thxs kind
are found immediately beneath the Claggett.

The similarity in the fauna of the Bearpaw and the shale of the Claggett is shown by the
- following list of fossils:

TABLE 1.—Invertebrate fossils from the shale of the Claggett formation and the Bearpaw shale.

Norte.—Species marked ‘“1”’ were collected by Stanton and Hatcher. Species marked 2’’ are those collected by the writer and his assistants
in 1912 which are not included in Stanton’s list.

i ]
Chggott.! Bearpaw. | Claggett. IBearpow.

Acmeea occidentalis M. and H

Anchura americana (E. and S.)..
Anisomyon centrale Meek........ .
Anisomyon alveolus M.and H...................|.ceeianels
Avicula linguiformis E. and 8... N P

XXXXXX
L -

Smphms subgloboms Whitmves ................. l ..........
Eclonema rigida M. and H. . ..
PeircularisM.and H. ... i,
Arcs eXigue. ..........ooiiiiiiii
Vanikoro amb MandH................
? Gervillea borealis Whiteaves...................... :

s Ow
(Yoldh) ovansi K and H................... X1
Lioplst.ha (Cymella) undata M. and H............ X1
Lucinasubundata H.and M................... i
Lunatia occidentalis M. and H.... .. .00 000000 X1

- e e B S e e e e b e e e e e

g
£
3
%
B
=
MOXRX XXX XXX XXX XXX X

An inspection of this table shows that all the species found in the shale of the Claggett for-
mation are also represented in the Bearpaw, but that the fauna of the latter is more varied than
that of the former. This coincides with the field observations that fossxls are more numerous
in the Bearpaw than in the Claggett.

1 0p. cit., p. 13.
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TERTIARY (P) SYSTEM.
LANCE FORMATION.

No detailed study was made of the Lance formation, though its lower boundary was traced
nearly halfway across the area mapped. The following statement concerning it is taken from
the report by C. T. Lupton on the eastern part of the Bull Mountain coal field,' which adjoins
this area on the south:

It consists of 700 to 800 feet of yellowish-gray sandstone, clay of various colors, and grayish sandy shale. Sandy
material predominates. The lower part is noticeably micaceous; the upper part contains thin beds of coal. Where
the formation dips steeply it makes hogbacks with narrow valleys between, and where it is nearly level it makes a series
of scarps. Few fossils have been found in this formation.

Two detailed sections were measured south of Willow Creek for the purpose of showing the
transition from the Bearpaw to the Lance. One of these is given below.

Section of transitional beds between typical Bearpaw shale and typical Lance formation, T. 29 N., R.9 E., Montana.

Typical Lance. Feet.

Sandstone, buff to rusty, slightly cross-bedded........... .. .. ... . .. . iiiiil.. 8
Shale, Arab. oo e, 6
Shale, sandy................ e e ettt eeeeaeee et 4

Shale, carbonaceous; contains fragments of stemsof plants ................ ... ... ...l 8
Sandstone, yellow, MASEIVE. ... ooooiioe ettt ittt 20
Shale, with carbonaceous member near middle..................... L il 100
Sandstone, white, friable....... ... . i ieiiiaaan. 5
Shale, black, carbonaceous &t toP. . ... ..o i 8
Shale, Arab . .. iaaeaaaaas 15
Sandstone, shaly, ferruginous.......... ... ... .. 1

Bhale, DIACK . ...ttt aeaaaaaan 2
Sandstone, yellow to brown . ... ... . i L4
Bhale, drab ..o eieececeieeaaaeaaan .. 40
Shale, with intercalated shaly eandstone members...............c..iiiiiiiiiiiiiiiiiiiiiae, 8

Shale, typical Bearpaw, drab, concretionary, containing Baculites and other forms.

STRUCTURE.
FOLDS AND DOMES.

The dominant structure in the eastern part of the area is a broad symmetrical fold—the
Big Snowy anticline—on which are superimposed several smaller folds, thus producing the type
of fold known as an anticlinorium. The axis of the Big Snowy anticline trends northwest and
pitches to the southeast. Out on the plains the strata on opposite limbs of this fold dip at angles
ranging from 20° to 70°. Toward the mountains the dips decrease in amount and from Black
Butte westward along the north base of the Judith and Moccasin mountains they do not exceed
45° and the anticline loses its distinctive character.

The minor folds, consisting of the Devils Basin, Flat Willow, and Cat Creek anticlines with
intervening synclines, are also open symmetrical folds whose axes pitch to the southeast and
trend roughly northwest but are somewhat sinuous in outline. The dips on opposite limbs of
these folds as a rule range from 2° to 6° and rarely exceed 10°.

A dome structure has been produced by the laccoliths which have given rise to Black Butte
and the North Moccasin Mountains. So far as traced, the beds dip steeply away from these
uplifts, except at the southeast side of Black Butte, where they dip steeply toward the butte,
probably as the result of faulting.

Out on the plains north of the Judith and North Moccasin mountains the strata dip at a
low angle to the north or northeast.

1 U. 8. Geol. Survey Bull. 431, p. 170, 1911.




104 SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY; 1914.
FAULTS.

In this region faults are important structural features only in the area north of T. 20 N,
Two minor faults on the north side of the Judith Mountains are shown on the map (Pl. X),
and, as already pointed out, there is probably a small fault at the southeast side of Black Butte.
Between Fullerton and Missouri River three prominent faults and some minor ones, striking a
little west of north, cross the valley of Judith River. These faults all appear to be of the normal
type. At the first and second faults north of Fullerton the beds dip steeply to the north near
the fault plane but are nearly flat a short distance away. At the fault nearest Missouri River
they dip to the south, and there is evidence of some minor faults, the details of which were not
worked out. The northernmost fault exhibits the maximum throw observed, and at that place
the white massive Virgelle sandstone member at the base of the Eagle is brought into juxta-
position with the sandstone beds constituting the upper part of the Claggett formation. If a
thickness of 150 feet is allowed for that part of the Eagle above the white massive Virgelle
sandstone and 500 feet for the lower or shaly portion of the Claggett, the throw of the fault
would be about 650 feet.

Fault lines were seen also on the east side of Dog Creek, in T. 21 N., R. 19 E., where the
structure seems more complicated than on Judith River. The maximum disturbance is prob-
ably shown along Missouri River between Armells Creek and Dog Creek. Speaking of this
area Hayden! says:

It presents perhaps the most rugged scenery on the Missouri River, the denudation and erosion having been much
greater than at the badlands of White River. But the most remarkable feature of this basin is the wonderful dis-

turbance of the strata. So much are the beds disturbed and blended together by forces acting from beneath that it
seems almost hopeless to obtain a section showing with perfect accuracy the order of superposition of the different strata.

STRATIGRAPHIC POSITION AND AGE OF THE JUDITH RIVER FORMATION.
' SCOPE OF DISCUSSION.

In the foregoing pages the discussion has been confined chiefly to the stratigraphy of the
formations in the area represented by the shaded portion of the accompanying map (Pl. X). In
presenting the evidence now at hand bearing on the position and age of the Judith River forma~-
tion it is necessary to give a brief review of previous opinions as to the age of these beds and
the stratigraphic succession in the type area ‘of the Judith River formation, to correlate the
formations in the type area with those in the area herein considered, and to present the paleon-
tologic evidence as to the age of the Judith River and associated formations.

HISTORICAL SUMMARY.

The literature bearing on the stratigraphic position and age of the Judith River formation
has been fully and carefully reviewed by Stanton and Hatcher.? For that reason only a brief
synopsis, sufficient to give the reader an understanding of the various opinions held, is pre-

sented here. )
NAME.

The name Judith River group was first given to this formation by Hayden ® in 1871. After
discussing the Fort Union ‘‘ group,” he says:

There is another basin near the sources of the Missouri River which has already yielded many fossils of great interest
but which seems to be isolated from the others. This is what I have called the Judith Basgin, and inasmuch as it seems to
be one of the ancient lake deposits, and characterized by a peculiar group of organic remains, I will designate the strata
ag the Judith group. The sediments do not differ materially from those of the Fort Union group and they contain
impure beds of lignite, fresh-water Mollusca, and a few leaves of deciduous trees. But the most remarkable feature of

1 Hayden, F. V., Notes explanatory of 8 map and section fllustrating the geological structure of the country bordering on the Missouri River
from the mouth of the Platte River to Fort Benton: Acad. Nat. Scl. Philadelphia Proc., vol. 9, pp. 115-117, 1857.

$8tanton, T. W., and Hatcher, J. B., op. cit., pp. 14-31.

3 Hayden, F. V., Geology of the Missouri Valley: U. 8, Geol. Survey Terr, [Fourth Ann.] Prel. Rept., p. 97, 1871,
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this group is the number and variety of the curious reptilian remains, of which we have only yet caught a glimpee.
There is probably no portion of the West that furnishes such a harvest of fossil remains and instructive geological facta
as the country bordering the Missouri River from the mouth of the Yellowstone to the foot of the mountains above
the Great Falls of the Missouri; and as this country is reserved for examination the coming season I will leave the
obscurity which now invests it to be cleared in the next annual report.

Prior to that time the term Judith River beds had been used in & general way! to include
all the formations exposed near the mouth of Judith River. Since the strata were named by
Hayden the terms Judith River beds and Judith River formation have been used as synonymous
with Hayden’s term Judith River group, which has finally been supplanted by the term Judith
River formation.

ORIGINAL AREA AND TYPE LOCALITY.

No exact locality was designated by Hayden as representing the type of this formation.
It is evident, however, as the following quotation ? will show, that the area in which his Judith
River group occurs lies along Missouri River between Judith River on the west and the mouth of
Musselshell River on the east.

Near the mouth of the Judith River, not far from the sources of the Missouri, in latitude 47° 30/, longitude 109° 3¢/,
is a wild, desolate, and rugged region, which I have called the ‘‘Badlands of the Judith, ” in contradistinction to thoee
of White River. * * #

The area occupied by this peculiar basin I could not determine with precision, but have estimated it at about 40
miles from east to west and from 15 to 30 from north to south, and it is separated into two nearly equal portions by the
Missouri. The Judith River rises in the Judith Mountains, pursues a course nearly due north, for the most part through
Cretaceous strata, and empties into the Missouri in latitude 48°, longitude 106° [about 110°]. The Judith River forms
the north [western] boundary of this basin. The Muscle Shell River also rises near the Judith Mountains but takes a
course a little east of north, flows through Cretaceous formation No. 4, and empties into the Missouri near latitude
47° 30/ and longitude 108°. That portion of the ‘“‘Badlands” which is formed of the estuary deposit under considera-
tion lies between these two streams.

PREVIOUS OPINIONS OF STRATIGRAPHIC POSITION AND AGE.

In 1856" Meek and Hayden ® correlated the marine formation immediately underlying the
Judith River formation at the mouth of Judith River with the base of the Cretaceous. This
correlation was based on the lithologic similarity of this formation to formation No. 1 (Dakota)
and on the fossil evidence, especially that of the vertebrates, as determined by Leidy. In
another paper* in the same volume Meek and Hayden suggest that this marine sandstone
probably represents the older members of the Cretaceous but that it may be as old as Jurassic.
In 1857 Hayden ® described and mapped the badlands of Judith River as occupying a Tertiary
basin. Later in the same year Meek and Hayden,® on the basis of the invertebrate fauna,
again assigned the Judith River formation to the Tertiary but said that the saurian and fish
remains ally it to the Wealden. In 1858 Hayden,” after studying a fresh-water fauna at the
base of the Cretaceous in the Black Hills region, assigned the Judith River to the Cretaceous,
thus reversing his former opinion, and said that it may be the American representative of the
Wealden. After a reexamination of the invertebrates of the Judith River formation and a
comparison of these fossils with the forms from the Black Hills, Meek and Hayden referred the

1Meek, F. B., and Hayden, F. V., Descriptions of new fossil species of Mollusca collected by Dr. F. V. Hayden in Nebraska Territory, together
with a complete catalogue of all remains of Invertebrata hitherto described and identified from the Cretaceous and Tertiary formations of that
region: Acad. Nat. Sci. Philadelphia Proc., vol. 8, pp. 265-288, 1856,

2 Hayden, F. V., Geological sketch of the estuary and fresh-water deposit of the badiands of the Judith, with some remarks upon the surround-
ing formations: Am. Philos. Soc. Trans., new ser., vol. 11, p. 123, 1860.

3 Meek, F. B., and Hayden, F. V., S8ome general remarks on the geology of the country about the sources of the Missourl River: Acad. Nat.
Scl. Philadelphia Proc., vol. 8, p. 114, 1856.

¢ Acad. Nat. 8ci. Phnadelphh Proc., vol. 8, p. 267, 1856.

s Hayden, F. V., Notes explanatory of a map and section fllustrating the geologleal structure of the country bordering on the Missouri River
from the mouth of the Platte River to Fort Benton: Acad. Nat. Sci. Philadelphia Proc., vol. 9, pp. 109-116, map, 1857.

¢ Meek, F. B., and Hayden, F. V., Descriptions of nesr species and genera of fosalls collected by Dr. F. V. Hayden in Nebraska Territory,
under the direction of Lieut. G. K. Warren, U. S. Topographical Engineer: Idem, pp. 117-148.

7 Hayden, F. V., Explanations of a second edition of 8 geological map of Nebraska and Kansas: Acad. Nat. Sci. Philadelphfa Proc., vol. 10,
PP. 130-158, map, 1858,
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Judith River back to the Tertiary. Speaking of the fresh-water Jurassic of the Black Hills,
they said:?

At the time we published theee facts [concerning the fresh-water Jurassic of the Black Hills] we were led by the
~ discovery here of fresh-water shells, in such a position, to think that some estuary depoeita of doubtful age, near the
mouth of Judith River, on the Missouri, from which Dr. Leidy had described some saurian remains resembling Wealden
types, might be older than the Tertiary. Later examinations, however, have demonstrated that the Judith beds
contain an entirely different group of fossils from those found in the rock under consideration, and that they are really
of Tertiary age and hold a position at the base of the great lignite series of the Northwest.

In another paper published in the same year,® after classifying the Tertiary basins of the
Northwest, Hayden referred the Judith River formation to the Tertiary, as follows:

The estuary deposits, of which the Judith basin may be regarded as the type, are quite remarkable and of a most
interesting character. Opinions of a somewhat conflicting nature have been entertained in regard to them, owing to
the peculiar character of the organic remains, but recent observations have convinced me that they are all of Tertiary
age, and that they are quite widely distributed throughout the far West.

In 1875 both Meek * and Hayden * announced independently that the marine sandstone
immediately underlying the Judith River formation near the mouth of Judith River had been
definitely correlated with the Fox Hills, but in 1876, in his last writings on the subject, Meek °
referred the Judith River to the Cretaceous, as follows:

We have long regarded the Judith River beds as forming a distinct group older than the Fort Union deposits.
* ® % That these older beds (the Judith River brackish and frech water deposits and their equivalents elsewhere)
are Cretaceous is certainly highly probable, as has been suggested by the author on former occasions; yet this can scarcely
be properly regarded as an established fact.

In 1856 Leidy ® published his first determinations of the vertebrate collection made by
Hayden in the Judith River basin, and allied the vertebrates of the Judith River formation
with those of the Wealden of Europa.

In 1860 Leidy ” made the following statement:

The association of the remains of Trachodon, Deinodon, Crocodilus, and Lepidotus, corresponding with the asso-
ciation of the remains of the closely allied Iguanodon, Megalosaurus, Crocodilus, and Lepidotus of the Wealden
formation of England, led the author to suspect the Judith River formation was of cotemporary age, though he was
fully aware of the fact that totally dissimilar animals have occupied different portions of the earth at the same period.

In 1871 Cope ® referred the Judith River fossils to the Upper Jurassic. In 1873 he placed
the Judith River formation in the Cretaceous on the basis of the fossil remains,? and in the fol-
lowing year (1874) he assigned it to the top of the Cretaceous.” In 1877 he assigned the black
shale ““No. 4” (now called Claggett) to the Pierre, and the overlying marine sandstone, which
marks the transition to the Judith River, to the Fox Hills sandstone.* He also said:? “The
positive age of the Judith River fauna is Cretaceous, with some Tertiary affinities.”

1 Meek, F. B,, and Hayden, F. V., Descriptions of new lower Sflurian ( Primordial), Jurassic, Cretaceous, and Tertiary fossils collected in
Nobraska, by the exploring expedition under the command of Ijeut. G. K. Warren, with some remarks on the rocks from which they were
obtained: Acad. Nat. 8ci. Philadelphia Proc., vol. 13, pp. 415-447, 1861.

* Hayden, F. V., Sketch of the geology of the country about the headwaters of the Missouri and Yellowstone rivers: Am. Jour. Sci., 2d ser.,
vol. 31, pp. 220-245, 1861.

3 Meek, F. B., Note on some fossils from near the eastern base of the Rocky Mountains, west of Greelcy and Evans, Colo., and others{from about
200 rafles farther eastward, with descriptions of a few new species: U. 8. Geol. and Geog. Survey Terr. Bull., vol. 1, 2d ser., p. 39, 1875, -

¢ Hayden, F. V., Notes on the lignitic group of eastern Colorado and portions of Wyoming: Idem, p. 403, 1876,

& Meck, F. B., A report on the invertebrate Cretaceous and Tertiary fossils of the upper Missourt country: U. 8. Geol. Survey Terr. Repta.,
wvol. 9, pp. xlvii, 1, 1876.

% Leidy, Joseph, Notices of the remains of extinct reptiles and fishes discovered by Dr. F. V. Hayden in the badlands of the Judith Rfver,
Nebraska [Montana] Territory: Acad. Nat. 8ci. Philadelphia Proc., vol. 8, pp. 72-73, 1856.

7 Leidy, Joseph, Extinct Vertebrata from the Judith River and Great Lignite formations of Nebraska: Am. Philos. Soc. Trans., new ser.,
vol. 11, pp. 139-140, 1860.

8 Cope, E. D., Extinct Batrachia, Reptilis, and Aves of North America: Am. Philos. S8oc. Trans., new ser., vol. 14, pp. 1-252, 1871.

¢ Cope, E. D., Report on the vertebrate paleontology of Colorado: U. 8. Geol. and Geog. Survey Terr. [Seventh] Ann. Rept. [for 1873}, p. 434,
1874,
10 Cope, E. D., Review of the Vertebrata of the Cretaceous period found west of the Mississippi River: U. 8. Geol. and Geog. Survey Terr. Bull.,
vol. 1, 1st ger., No. 2, pp. 6-8, 1874,

1t Cope, E. D., Report on the geology of the region of the Judith River, Montana, and on vertebrate fossils obtained on or near the Missouri
River: U. 8. Geol. and Geog. Survey Terr. Bull,, vol. 3, pp. 565-398, plates 30-34, 1877,

12 Idem. p. 576.
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While this work was being carried on in the United States, G. M. Dawson was engaged in
the study of the Belly River formation of Canada, which he correlated with the Judith River
formation, as follows: ?

Briefly stated, it would appear from the investigations now reported on that considerable areas of the beds which
in 1874 I called ‘‘Lignite Tertiary ”"—hese and in previous announcements designated as Belly River seriee—must be
relegated to a position below the Pierre shales, or at least to one below an upper portion of these shales. The beds
thus separated as the Belly River series were, in 1875, by me correlated with the Judith River series of the Missouri.
Additional and extensive collections of fosdils since obtained and now being worked out confirm and strengthen this
correlation and lead to the presumption that the so-called Judith River series must also occupy a position well down
in the undoubted Cretaceous. It may be added that this was the view originally held by Messrs. Meek and Hayden
and supported, it would appear, not alone on the supposed analogies of the vertebrate remains examined for them by
Prof. Leidy, but also on stratigraphic evidence—evidence which perfectly agrees with the impressions resulting from
such cursory examination as I was able to make of the Missouri sections from the deck of a steamer while ascending
the river in 1881.

In 1885 the invertebrate fossils of the Belly River were described by J. F. Whiteaves,? who
commented on them as follows:

Judging by their respective invertebrate faunas, it would seem impracticable to separate the ‘‘Belly River series”
from the Laramie, and more especially from the ‘‘Judith River group,’’ on purely paleontological evidence.

The invertebrate fauna of the ‘Belly River series” seems to be essentially the same as that of the ‘‘Laramie” of
the United Statesand Canada, unless more than one formation hasbeen confounded under the latter name,and * * *
it is at present scarcely possible to separate the ‘‘lower dark shales” of Dr. Dawson’s Bow and Belly River report from
the “Fort Pierre and Fox Hills” groups on purely paleontological grounds.

In 1902 Osborn * made the following statements:

The Survey had established beyond question, geologically, that the Belly River series is mid-Cretaceous, that it
underlies the Montana or Fort Pierre-Fox Hills group and overlies the Fort Benton and Dakota groups. * * # ]t
soon appeared to the writer in the study of the fine collection made by Mr. Lambe that the Belly River vertebrates
of the Northwest Territory were of decidedly different and apparently of older type than those from the Laramie beds
of Converse County, Wyo., described by Marsh, and were rather to be compared with those described by Leidy, Cope,
and Marsh from Montana, chiefly from the Judith River beds, a region by no means distant geographically.

Thus the correlation between the Belly River and Judith River series, proposed by the late Director, Dr. G. M.
Dawson, in 1875, at first glance appeared to be confirmed faunistically; but this correlation is not supported by the
geological records, which all place the Judith River beds proper above the Fox Hills and Fort Pierre. * * *,

There is thus very little in common between the Belly River fauna and the Laramie fauna of Wyoming and Colo-
“.dO 80 far as described, except the dinosaur Ornithomimus and the very persistent chelonian Baena. Most of the

dinosaurs will probably be found to be separated generically.

On the other hand, 8o far as known, the Montana fauna has much in common with the Belly River, especially

the Testudinata, Iguanodontia, and Ceratopsia.

In 1903 Stanton and Hatcher * studied both the Judith River and Belly River formations
and defined the stratigraphic position of the Judith River as follows:

O field studies in the original Judith River area have established the stratigraphic succession of the Upper Creta-
:eo US section and show that the Judith River beds lie beneath several hundred feet of marine Cretaceous shales with
fa Charg cteristic invertebrate fauna, and that they rest upon another marine formation which also bears an abundant
Una. The overlying formation we have called the Bearpaw shales, because it is well exposed in the area south,
‘h; ¢, axd north of the Bearpaw Mountains. The name Claggett formation has been given to the underlying beds because
i ¥ Aure well developed around the site of old Fort Claggett, near the mouth of Judith River. Wherever the exposures
o region show lower beds the lignite and conspicuous sandstone ledges of the Eagle formation are seen, and still
.hel‘ the dark Benton shales with a characteristic fauna are revealed. The Judith River formation itself has yielded
,,m‘:na of both vertebrates and invertebrates, most of which are peculiar to it. Its lithologic features also are different
Those of any other formation in the section and make it easily recognizable.
;mtnheyond the typical area we found on Milk River, in the neighborhood of Havre, a similar succession of formations
hasy The Claggett to the Bearpaw, inclusive. The formation occupying the position of the Judith River beds here
® ke same lithologic and paleontologic characteristics as in the original area, with which it probably has direct
" @tions around the east end of the Bearpaw Mountains. It is therefore unhesitatingly identified with the Judith
lag\ bavm, G. M., Report on the region in the vicinity of the Bow and Belly rivers, Northwest Territory: Geol Survey Canada Rept. Progress
1&4. . 119¢, maps, 1.
: thg Ca:::ihnwl’amwlogy, vol. 1, pt. 1, pp. 55, 89, 1885,
- Oshom, H. F., Distinctive characters of the mid-Cretaceous fauna: Contr. Canadian Paleontology, vol. 3, pt. 2, pp. 7-21, 1802,
&wmn, T. W., and Hatcher, J. B., Geology and paleontology of the Judith River beds: U. 8. Geol. Burvey Bull. 257, pp. 62, 66, 1905.
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Riverbeds. From Havre this formation was traced by means of practically continuous exposuresand without essential
change of lithologic and paleontologic characters into an area of Belly River beds mapped by Dawson. Here again
the underlying Claggett formation was recognized by its fossils and lithologic features, and above the Judith River
(Belly River) beds the Pierre shales of the Canadian geologists are clearly identical with the Bearpaw shales of our
Montana section.

In other areas studied by us in Montana the same succession of formations was observed. Two horizons in this
region are especially well characterized by marine invertebrates—one in the upper part of the Benton shales and the
other in the Bearpaw shales. Wherever these were both present in one section the succession and recognition of the
intervening formations were unmistakable. * * *

Our principal conclusions from the season’s work may be summarized as follows:

1. The Judith River beds are distinctly older than the Laramie, being separated from the latter by at least several
hundred feet of marine shales, identical in their faunal and lithologic features with the Pierre, to which we have given
the local name Bearpaw shales, from the Bearpaw Mountains, about which they are well exposed.

2. The Belly River beds of Canada are identical with the Judith River beds of Montana. The name Judith River
beds, having priority, should be the accepted name for this formation, and the terms Belly River and Fish Creek beds
should be dropped.

3. The marine sandstones and shales immediately underlying the Judith River beds do not represent either the
Benton, as some Canadian geologists have supposed, or the Fox Hills and upper Pierre, as most geologists of the
United States who have examined them have believed, but they constitute a distinct horizon within the Montana
group which we have called the Claggett formation, from old Fort Claggett, at the mouth of Judith River, near which
they are well developed.

4. The Eagle formation, from its stratigraphic position and faunal relations, marks the base of the Montana group
in this region.

5. The Bearpaw shales, the Judith River beds, the Claggett, and the Eagle formations all belong to the Montana
group and together probably form the equivalent of the Pierre as that term is generally understood, though the
possibility is recognized that in the typical area the Pierre may have more restricted limits:

6. Faunas similar to that of the Fox Hills sandstone have a great vertical range and are likely to be found at any
horizon within the Montana group where a littoral or shallow-water facies is developed. The use of the term Fox Hills
as a formation or horizon name outside of the original area in South Dakota is therefore of doubtful propriety, as
experience has shown.

In 1911 A. C. Peale, who had done work in the Judith River region in connection with the
Hayden Survey, revisited that area and spent a month in the field in a special study of the
Judith River formation. As a result of this study Peale in 1912 published a paper! in which
he contended for the Tertiary age of the formation, thus reverting to the opinions which had
been held by some geologists before the work of Stanton and Hatcher. His conclusions are
given in the following quotation:

Our first conclusion, therefore, is that the Judith River beds and the Belly River series, although both of fresh-
water origin and lithologically very similar, are entirely distinct from each other, occupying stratigraphical positions
separated by 1,000 feet or more of marine sandstones and shales. * * * Our second conclusion is that the Fox
Hills formation, with its characteristic fauna and flora, immediately and unconformably underlies the Judith River
bedsand that it rests conformably upon exposures of characteristic Pierre shales throughout the Judith Bagin. * * =
We have no hesitation in stating the third conclusion, viz, that the Judith River formation is the representative if
not the exact equivalent of the whole or some, perhaps lower, portion of the Lance formation, and that the latter name
should be replaced on the ground of priority of use by the name Judith River formation. * * * We are fully
warranted in concluding, as pointed out by Dawson long ago, that the Belly River series is of Niobrara age. * * #
Apparently the entire series from the base of the Eagle sandstone to the base of the Pierre shales is a unit representing
the Canadian Belly River formation.

The foregoing sketch briefly summarizes the views that have been held regarding the age
and position of the Judith River formation. A review of the evidence shows that on the basis
of its vertebrate remains the Judith River formation has generally been assigned to the Creta-
ceous, although differences of opinion have been expressed as to its exact position in the Cre-
taceous section. Before the characteristics of the Upper Cretaceous dinosaurs were well known
Leidy, Meek; Hayden, and Cope thought that the remains from the Judith River formation
were closely allied to the Wealden (Lower Cretaceous) of Europe, and hence the formation was

" considered to be of Lower Cretaceous age. But as the Upper Cretaceous dinosaurs came to
be better known it was generally recognized that the remains from the Judith River formation
have their closest allies in the Upper Cretaceous. From that time on practically all vertebrate

1 Peale, A. C., On the stratigraphic position and age of the Judith River formation: Jour. Geology, vol. 20, pp. 530-549,640-853, 738-757, 1912.
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paleontologists have regarded the Judith River formation to be of Upper Cretaceous age. On
the other hand, the invertebrate evidence, though somewhat conflicting in its nature, has been
regarded by the earlier writers as showing a closer affinity with the Tertiary than with the
Cretaceous. Finally, the stratigraphic evidence has been interpreted, except by Dawson and
by Stanton and Hatcher, as indicating that the Judith River formation is younger than the
Fox Hills, and therefore at the top of the Cretaceous or the base of the Tertiary.

REVIEW OF THE STRATIGRAPHY IN THE TYPE AREA OF THE JUDITH RIVER FORMATION.

Hayden’s best account of the stratigraphy in the type area of the Judith: River formation,
from which the following extracts are taken, was published in 1860.!

So intimately do the estuary beds at the mouth of the Judith seem to be connected with Cretaceous formation No. 1
that it will be important to present such facts as are known in regard to it. * * *

The Cretaceous rocks of the Upper Missouri have been separated into five divisions upon lithological and paleon-
tological grounds, and the sandstone formation at the mouth of Big Sioux and below forms the type of No. 1,2 Nos. 2
and 3 are seen reposing upon No. 1 at the mouth of Big Sioux, and near the mouth of the Niobrara River No. 4 appears
upon the summits of the bluffs, surmounting No. 3. At the.foot of the “Big Bend” No. 3 passes beneath the water
level of the river and is succeeded by No. 4, which occupies the country to Grand River, where No. 5 makes its appear-
ance on the summits of the hills. Near the mouth of the Cannonball River the ngnwe Tertiary beds begin to overlap

the Cretaceous strata but do not entirely conceal them along the banks of the river until we reach ‘‘Square Buttes,’”
about 30 miles below Fort Clarke. From this point to Milk River in latitude 48°, longitude 106°, only the Miocene
beds of the Great Lignite basin are exposed. * * * The Tertiary beds continue uninterrupted until we reach
€ mouth of Milk River, where, by a reverse dip of the strata, the Cretaceous formation rises to the surface from
o [ Reath the Tertiary. The Tertmry beds continue to overlap the Cretaceous, gradually thinning out upon the summits
the hills, until we reach the mouth of the Muscle Shell River, where the Cretaceous bed No. 4 occupies the whole
p“m t"y We thus see that in ascending the Missouri the dip of the strata is northwest as far as Fort Union or some
tin that vicinity, and on reaching Milk River we can very distinctly observe the dnp south or southeast, by which
“\e underlying Cretaceous beds are exposed. We can also note the basin-like form in which both Tertiary and Cre-
taceous rocks were depoeited. Passing the mouth of the Muscle Shell we soon observe a somewhat remarkable bed
rising above the water level of the Missouri, near the mouth of Little Rocky Mountain Creek, which, from its litho-
logical character and position, we have hitherto considered as belonging to formation No. 1. Tt first makes its appear-
ance as a seam of carbonaceous grit, of a dull-reddish color, very light and loose, like ashes, about 1 foot in thickness,
separating No. 4 from a bed of sandstone beneath. As we ascend the river a bed of sandstone rises rapidly above the
water level, very variable in its lithological character. * * *

Thus far up the river we have observed no indications of disturbance of strata by subterranean influences, but
on reaching a point about 5 miles above Grand Island a great thickness of rocks not before seen is uplifted so as to
exhibit the beds, inclining at every angle from a horizontal to a vertical pogition. The beds are composed of variegated
mnds, clays, and earthy lignite, and some of them are fully charged with organic remains. * * *

About 10 miles below the mouth of the Judith River the marine strata of No. 1 are seen to rise rapidly from beneath
the estuary and fresh-water beds, and on reaching the mouth of the Judith we have the following vertical section of
No. 1,3 the estuary and fresh-water beds only capping the hills and soon ceasing to appear.

It is evident that Hayden realized that the beds exposed along Missouri River from Little
Rocky Mountain Creek west to Judith River are older than his No. 4 (now called Bearpaw).
The stratigraphic succession between the mouth of Musselshell River and Judith River as given
in the above quotation is—

No. 4.

Fresh and brackish water beds.
No. 1.

In 1875 Meek and Hayden announced independently (see p. 106) that the upper part of
Hayden’s No. 1 had been definitely correlated with the Fox Hills. In 1877 Cope * corroborated

1 Hayden, F. V., Geological sketch of the estuary and fresh-water deposit of the badlands of the Judith, with some remarks upon the surround-
ng formations: Am. Philos, Soc. Trans., new ser., vol. 11, pp. 126-130, 1860.

3 Nos. 1 to 8 correspond to Dakota, Benton, Niobrara, Pierre, and Fox Hills, respectively.—C. F. B.

3 The No. 1 of this paragraph refers to what are now called the Eagle and Claggett formations.—C. F. B.

1Cope, E. D., Report on the geology of the region of the Judith River, Montana, and on vertebrate fossils obtained on or near the Missouri
River; U. 8. Geol. and Geog. Survey Terr. Bull,, vol. 3, p. 568, 1877,
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the succession established by Hayden, but divided Hayden’s No. 1 into three formations.
Discussing the section at the mouth of Judith River, Cope said:

The ferruginous soft sandstone of the Fox Hills group is everywhere the line of demarkation between the black
shalee of No. 4 below and the Judith River beds above.
and, in the preceding paragraph,

A question remains as to the light-colored (buff or white) sandstone underlying No. 4. * * * Geographically

considered it is approximately No. 3, since it occupies a region between that occupied by Nos. 4 and 5 and Fort
Benton, where No. 2 is extensively exposed.

With these changes and additions the above section becomes:

. “No. 4” (Pierre shale).

. Judith River formation.

. “No. 5” (Fox Hills sandstone).

. ““No. 4” (Pierre shale).

. “No. 3” (?), sandstone tentatively referred to the Niobrara formation.
. “No. 2” (Benton shale).

Cope ! recognized, however, that No. 4 at the mouth of Judith River does not agree in all
respects with No. 4 exposed farther east on Missouri River. After discussing the underlying
beds (now called Eagle) he says the characteristic overlying shale (Claggett) “is from 50 to 200
feet in thickness in the region of the Judith River, while on the lower river [Missouri] * * *
it exhibits a thickness of nearly 1,000 feet above the water level.”

Substituting lithologic terms for names, the above section is as follows:

. Marine shale.

. Fresh-water formation.

. Marine sandstone.

Marine shale.

. Marine sandstone.

. Marine shale.

This is identically the same lithologic succession as that established on Missouri River in 1903
by Stanton and Hatcher, and as that which occurs throughout the area described by the writer
in the first part of this paper. Moreover, the work of Pepperberg ? in 1908 and of the writer?
in 1912 shows that the same succession occurs east of the Bearpaw Mountains from Missouri
River north to Milk River.

It is thus evident that this succession of formations prevails over a large area in north-
central Montana. In part of that area the normal sequence is undisturbed by faulting, so that
the succession is established beyond question. This succession is shown in the following section,
in which the lithologic designations of the preceding section are replaced by the geologic names
now applied by the United States Geological Survey to the formations:

R OT®

=MWkt

. Bearpaw shale (marine).

. Judith River formation (fresh water).

. Claggett formation (marine sandstone member).
. Claggett formation (marine shale member).

. Eagle sandstone (principally marine).

. Colorado shale (marine).

Nt

CORRELATION OF JUDITH RIVER FORMATION ON MISSOURI RIVER WITH THE FORMATION
IMMEDIATELY UNDERLYING THE BEARPAW SHALE FARTHER SOUTH.

~ That the formations described by Hayden and Cope which occur at the mouth of Judith

River are identical with those shown on the accompanying map (Pl. X) has been shown in

the discussion of thestratigraphy (pp. 96-103). Two of these formations—the Claggett (including

the so-called Fox Hills sandstone) and the Judith River—were traced continuously for more

than 100 miles and were found to be exact equivalents of those at the mouth of Judith River.

10p. cit., p. 566.
2 Pepperl;erg, L. J., The Milk River coal fleld, Montana: U. 8. Geol. S8urvey Bull. 381, pp. 82-107, 1910,
3 Bowen, C. F., The Cleveland coal field, Blalne County, Montana: U. 8. Geol. Survey Bull. 341, pp. 338-353, 1014.
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Peale has also shown the continuity of the Claggett (called by him Pierre and Fox Hills) from
the mouth of Judith River southward to Deerfield and has recognized that the formations in
the type area of the Judith River formation can be traced with certainty as far south as the
North Moccasin Mountains, so that the correlation here made seems to be well established.
Peale’s statement ! in this connection is as follows:

The dark-colored shales of the Pierre resting on these sandstones [Eagle, but called Belly River by Peale] form
the surface of the bench beginning several miles to the eastward of the coal mine [near Deerfield] and the road to Ken-
dall passes over them, several good outcrops showing, especially to the north of the road, but they do not show on the
Judith south of the mouth of Warm Spring Creek. However, the Pierre shales appear in the valley long before Fullerton
i8 reached and at the latter place form the bluffs on both sides of Judith River in typical exposures containing charac-
teristic foesils. The entire thickness does not show at Fullerton, but there is here an exposure of at least 400 feet. The
total thickness is probably from 600 to 900 feet. Immediately below the Judith River beds, which form the summit
of the bluffs and the surface of the bench reaching to the eastward, there are from 50 to 100 feet of sandstone with Haly-
menites major and the following investebrate fossils: Avicula nebrascana E. and 8., Tancredia americana M. and H.,
Lunatia subcrassa M. and H., Tellina equilateralis M. and H., and Mactra sp. These are identified by Dr. Stanton and
referred by him to the Claggett, but it seems to me they are undoubtedly of Fox Hills age, the beds containing them
resting on Pierre shales and being immediately followed above by the Judith River beds. * * *

A short distance below Fullerton the first of three well-marked faults that occur south of Judith Landing crosses
Judith River. The direction of this fmult is nearly east and west and the dip of the beds thrown down is quite steep
(about 20°) toward the northwest. This outcrop, mainly of Fox Hills sandstone and a smaller part of Judith River
beds, is underlain by Pierre shales, and above the faulted beds are Pierre shales capped by Fox Hills sandstones (con-

taining invertebrates and Halymenites major) which underlie the undisturbed Judith River beds, which have a very

slight inclination to the north or northwest. The lower slope of the hill back to the faulted beds is composed of Pierre
thales capped with Fox Hills sandstones and overlying Judith River beds. This fault line was afterward crossed 12
Iniles to the eastward, near the crossing of Dog Creek. The second fault line parallel to this one is exactly like the first,
b“:;he third one, a few miles south of Judith Landing, is a block fault of Fox Hills sandstone with a steep dip on the
southwest side. ) .

In order to establish further the correlation of the Judith River formation in Hayden’s
type area of that formation with the formation whieh the writer has mapped as Judith River
in the area represented on Plate X, the following list of fossils is presented. This list shows
the fossils collected from the Judith River formation in the type area and those collected east
and south of T. 19 N., R. 19 E.

Fossils collected from the Judith River formation.

In Hayden’s type area.

Ostrea subtrigonalis E. and S.
Corbicula cytheriformis M. and H.
Corbicula occidentalis M. and H.
Corbula subtrigonalis M. and H.
Goniobasis convexa M. and H.
Goniobasis invenusta M. and H.
Goniobasis sublsevis M. and H.
Goniobasis judithensis Stanton.
Goniobasis gracilinta Meek.
Goniobasis subtortuosa M. and H.
Campeloma vetula M. and H.
Spheerium planum M. and H.
Spheerium recticardinale M. and H.
Anomia gryphorhynchus Meek.
Unio danse M. and H.
Unio primeevus White.
Physa copei White.
Hyalina occidentalis M. and H.
Hyalina evansi M. and H.
Valvata montanaensis Meek.
Viviparus conradi M. and H.
Anodonta propatoris White.

East and southof T. 19 N, R. 19 E,

Ostrea subtrigonalis E. and S.
Corbicula cytheriformis M. and H.
Corbicula occidentalis M. and H.
Corbula subtrigonalis M. and H.

Goniobasis sublevis M. and H.

Goniobasis subtortuosa M. and H.
Spheerium sp.

Anomia sp.
TUhio sp.

Viviparus conradi M. and H.
Anodonta propatoris White.

1 Peale, A. C., On the stratigraphic position and age of the Judith River formation: Jour. Geology, vol. 20, pp. 542-543, 1913,



112 SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1914,

The list of fossils from the southern part of the field differs from the Missouri River list
only in being less complete. A full collection from the southern area and a specific determination
of all the forms would doubtless duplicate most if not all of those in the Missouri River list.

In addition to this duplication of species there is at many places, both on Missouri River
and in the southern part of the field, a bed of Ostrea subtrigonalis at the top of the Judith River
formation. This Ostrea bed is perhaps the best index bed in the Judith River formation, as
it occurs immediately beneath the Bearpaw shale. The widespread occurrence of this bed at
the same geologlc horizon is therefore of itself sufficient evidence to establish the correlation
of the formation in which it occurs within a single basin of deposition, although it may not be
sufficient to establish a correlation of beds in separate basins.

It seems to the writer that the evidence presented in the foregoing discussion shows
conclusively that the Judith River formation in the type area along Missouri River is the exact
equivalent of the beds which immediately underlie the Bearpaw shale in the adjacent areas
north and south of Missouri River, and therefore that the Judith River formation is of Montana
age. This evidence may be briefly summarized as follows:

1. The stratigraphic succession in the two areas is identical.

2. The invertebrate fossils of the Judith River formation on Missouri River are identical
with those in the formation underlying the Bearpaw shale farther south.

3. The bed of Ostrea sublrigonalis which occurs at the top of the Judith River formation
on the Missouri also occurs at many places at the top of the formation underlymg the Bearpaw
shale in the area south of Missouri River.

4. Two of the formations, the Claggett and Judith River, have been traced from Willow
Creek, in the southern part of the area, to the mouth of Judith River and found to be the exact
equivalents of the Judith River and underlying formations at that place.

One question may still be raised, namely, May there not be two formations (Belly River
and Judith River of Peale and some others) which in Hayden’s ¢ type area’’ have been confused
and included under one name? As there has never been a complete detailed survey of Hayden's
“ type area,” this question can not be unequivocally answered in the negative. If this confusion
exists, Hayden’s section (see p. 109) would need to be revised so as to show two fresh-water
formations below his “lignite Tertiary.” Such a succession is hardly probable, however, as it
is now well known that no suchsequence of formations occurs either north or south of Hayden’s
“Judith River area.” Furthermore, Stanton and Hatcher failed to find any such succession
in that part of the “type area’’ which they examined in 1903. It is possible, however, that,
owing to the highly disturbed condition of thestrata, down-faulted blocks of the Lance formation
may occurinsome places in Hayden’s ““ original area.”  If such blocks exist they are undoubtedly
of small extent, and it is confidently believed that most if not all of the ““ estuarine deposits”’
described by Hayden belong, as indicated by him, to the same formation which he describes as
capping the hills at the mouth of the Judith. This formation, as previously shown, is the
equivalent of the Judith River formation on Willow Creek and there undoubtedly underlies the
Bearpaw shale. (See Pl. X.)

PALEONTOLOGIC EVIDENCE OF THE AGE OF THE JUDITH RIVER FORMATION.

As shown in the historical summary (pp. 104-110), the Judith River formation was
regarded by the earlier geologists as overlying the Fox Hills sandstone and was therefore sup-
posed to be of late Cretaceous or early Tertiary age, notwithstanding the fact that the vertebrate
remains were regarded as indicating a close relationship with the Cretaceous.

The stratigraphic relation of the Judith River to the inclosing formations has been dis-
cussed above. In the following pages the paleontologic evidence of the age of the Judith
River formation is submitted. In this connection it is necessary to compare the fauna of
the so-called Fox Hills sandstone of the Judith River area (the marine sandstone forming
- the upper part of the Claggett) with the fauna of the underlying Eagle sandstone, and also
with that of the Fox Hills at its type locality, and to compare the fauna of the Judith River
formation with that of the Belly River formation on the one hand and with that of the Lance
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formation on the other. The writer has therefore assembled as complete lists as possible of
the fauna of these formations, which are presented in tabular form in order to facilitate
comparison. But before proceeding with this comparison the paleobotanic evidence of the age
of the Judith River formation is briefly considered.

THE FLORA OF THE JUDITH RIVER FORMATION.

Although stems and fragments of plants are common in the Judith River formation, well-
Preserved leaves which will serve for purposes of identification are extremely rare and have
been obtained at only two localities—on Cow Creek near Missouri River, and on Willow Creek
about 10 miles north of Musselshell post office. Both collections were made by Stanton and
Hatcher in 1903 and were submitted to F. H. Knowlton for identification and determination
of age. Knowlton’s descriptions and conclusions are published in Survey Bulletin 257, pages

129 ¢4 168, and the final paragraph of his article is quoted here:

From this review it appears that the flora of the Judith River beds that has thus far come to light shows very
© affinity with the true Laramie or the Fort Union but does exhibit an undoubted relationship with that of the
Ota group or with the Cenomanian and Senonian of the Old World, or, in broad terms, with the lower and middle
Ytons of the Upper Cretaceous.

Knowlton’s statements regarding the specimens collected on Cow Creek are rather guarded,
and Peale ! has argued that the species represented by this collection is of Fort Union age.
Knowlton’s statement regarding this species is therefore quoted here in full: ?

From the base of the Judith River beds, at a point on Cow Creek, about 13 miles above its mouth, Mr. Stanton
has obtained about 15 specimens of small detached leaves or leaflets that I am not able to distinguish from this species
[Traps microphylla]. While they are all smaller than the usual examples from the type locality (Point of Rocks,
Wyo.), they agree well in shape and the marginal dentation, but unfortunately have not retained the nervation, or,
at most, but slight traces of it. This species, or at least what has been so identified, has been figured by Dawson,
in Tyrrell’s collections from Bad Lands, Red Deer, and Rosebud rivers, and Pincher Creek, Canada, the age of which

ke regards as *“ Lower Laramie,” and also a single doubtful example ‘‘from the Upper Laramie of Great Valley.”
Prof. Ward found this species abundantly at Burnsranch, on lower Yellowstone River, Mont., in beds supposed to be
of Fort Union age, but, as I have shown in the * Flora of the Montana formation,” I can not believe that these should be
referred to T. microphylla, for the reason that they are clearly compound leaves, rarely detached, whereas at the type
locality and at all the points mentioned by Dawson they are always separated and show no evidence of having been
fompound. I found examples that are not to be distinguished, apparently, from the Burns ranch forms, on Wolver-
!ne Creek, in the Yellowstone National Park, in beds regarded as of true Laramie age, and in 1896 Mr. Stanton and
tmy 8elf found a large number of detached leaves in Converse County, Wyo., in clay beds in the lower portion of the
t:le Laramie. It may be that my presumption of two forms being mixed under this name is not valid, but it is cer-
1 “‘ly remarkable that at two localities they should always give evidence of being compound and at all the other
OCalities appear as detached leaves, with no indication of being compound, especially as the material is ample in
™MOSt cages. It must be confessed, however, that when dealing with isolated leaves or leaflets it is impossible to draw

Ry satisfactory line between them.

___'This quotation shows that there is no doubt as to the Montana age of the plants from
“’tlnow Creek, and that Knowlton also favors the correlation of the species from Cow Creek
¥ith the Montana rather than the Fort Union flora. Peale?® in discussing the Willow Creek
#Ction, from which the leaves identified by Knowlton were obtained, says that.the ‘‘ Belly
N\ver beds [Judith River formation of this paper] pass conformably beneath the soft dark

Sualesof the Pierre,” and ‘‘ there can be no doubt as to the Belly River age of these beds.” There

is thus 8 unanimity of opinion regarding the Belly River age of the formation exposed on Wil-
lowCreek. The writer has endeavored to show (pp. 101, 110-112) that this so-called Belly River
formation (Judith River of this paper) on Willow Creek is the exact stratigraphic equivalent
of the Judith River formation at the mouth of Judith River. The invertebrate fossils listed
onpage 111 bear similar evidence. The stratigraphic evidence and the evidence furnished by
the fossil plants and invertebrates, therefore, point to the same conclusion, namely, that the
Judith River formation is older than the Bearpaw shale and is of Montana age.

liteg,

1Jour. Geology, vol. 20, p. 739, 1912.
2 U. 8. Geol. SBurvey Bull. 257, pp. 144-145, 1905.
3 Op. cit., p. 549.
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INVERTEBRATES OF THE UPPER PART OF THE CLAGGETT FORMATION (S80-CALLED FOX HILLS OF
THE JUDITH RIVER AREA) COMPARED WITH THOSE OF THE EAGLE SANDSTONE AND THE FOX
HILLS PROPER.

The following table gives a complete list of invertebrates from the.Eagle sandstone and
the sandstone member constituting the upper part of the Claggett at the mouth of Judith
River; also a comprehensive list of Fox Hills fossils collected near the type locality in the
Cheyenne and Standing Rock Indian reservations of North and South Dakota.

TABLE 2.—Invertebrate fossils from the Eagle sandstone, the upper part of the Claggett formation, and the type locality of
the Fox Hills sandstone.

No1E.—References indicated by figures in the table are as follows: ! Cal W. R., and others, Geology of the Cheyenne and Smdlns
Rock Indian reservations, North and South Dakota: U. 8. Geol. Survey Bull, 575, 1914. 2 Stanton, T. W., and Hatcher, J. B., Geology an
eontology of the Judith River beds: U. 8. Geol. Survey Bull. 257, 1905. 8 Collected by C. F. Bowen, 1912. ¢ Meek, F. B, U. 8. Geol. and
. S8urvey Terr. Bull., vol. 1, 2d ser., pp. 39, 40, 1875. ® Meek, F. B., U. 8. Geol. and Geog. Survey Terr. Final Repts., vol. 9, 1876.

Eagle E&:;!E?{: Fox Hills
sandstone. formation. sandstone.

Anchura americana iﬂeand - 0
micronema k . . ..

ina occidentalis Morton. . ... ertenerieeienaieaaes ceen
Lucina subundata H. and M.... e eree et e eeeeierieaaaaaas .
Lunatiaconcinna H.and M................coooiiinaan. eeeeeeeaan
Lunatia occidentalis M. and H.........cooovniiiiiiiiiiiiiiaiinnnnn.. reetecieraaeaanas
M. and H.

Mytilus subarcuatus M. and H.......oooomiiiiniiiiiiiii it R DR .
Nautilus dekayi Morton.. ....... ettt teateee et enaaraae PO S ' PO
Nuculacancellata M.and H..........oooeiiiriiiiiiiiiiiiiiiiiiaiaes . e

D!
Scaphites nicolleti Morton.. ...
Scaphites abyssinus Morton. ..
Spheeriola endotrachys Meek...... .. veee et eeteteceeeienaeaereaaeraaeaaeanaas
Sphenodiscus lenticularis OwWen........ ... .o i ittt it it ire i aiaeeeearaa
Spironema tenuilineata M. and H..........ooiiiiiiiiuiiiitiiiiiietiiaiaettateeranasieeaensaasanssersosss consnsrrcane cacronnnnnes

XX
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TaBLe 2.—Invertebrate fossils from the Eat%l: Fag:dggg, the Q:pper pa:: of ‘ihe Claggett formation, and the type locality of

Upper part
Eagle of&:;ﬁz Fox Hills
sandstone. | g et sandstone.

Tancredia americana M. and H.. ..
'l'emmeqnﬂntanlhl( and H
Tellina montansaensis. . .....

Thnch%ﬁll and H..
Thracis subtortuosa M. and ]

Turriscontortus M.and H.....
Vanikoro amb M. and
Vi tuomeyana M. and H

In order to facilitate the interpretation of this table it is summarized in the table below,
which gives all the forms that occur in more than one of the formations under discussion.

TaBLE 3.—Forms common to two or more of the formations represented in Table 2.

Eagle sandstone. Upper part of the Claggett formation. Fox Hills sandstone.

vicula linguiformis.
Av'lcula nebrascana.

Mactrd formosa.
Nautilus dekayi.
Tancredia amari

This table shows that there are more species common to the Eagle and Fox Hills in its
type locality than to the sandstone in the upper part of the Claggett (so-called Fox Hills) and
the Fox Hills proper. It also shows that with one exception (7Zancredia americana) every
species common to the Claggett and Fox Hills also occurs ip the Eagle. Only four specifically
determined forms occurring in the Eagle are not found in the higher formations and 12 specifi-
cally determined forms found in the Claggett are not found in the Fox Hills. The tables
seem to indicate a closer relationship between the faunas of the sandstone division of the Clag-
gett (so-called Fox Hills) and the Eagle than between the former and the Fox Hills proper.
They also show that the fauna of the Fox Hills, while related to that of the two older forma-
tions, is more diversified, just as the fauna of the Bearpaw shale is related to that of the shales
of the Claggett formation but more diversified. From the paleontologic evidence there seems to
be no basis for assigning the marine sandstone in the upper part of the Claggett formation to
the Fox Hills sandstone, and therefore one of the principal arguments for assigning the Judith
River formation to a position at the top of the Cretaceous or base of the Tertiary—namely, that
it overlies the Fox Hills sandstone—loses its force. As shown on preceding pages the strati-
graphic evidence is conclusive that the Judith River formation is much older than the Fox
Hills as represented at its type locality.

INVERTEBRATES OF THE JUDITH RIVER FORMATION COMPARED WITH THOSE OF THE BELLY RIVER
AND LANCE FORMATIONS.

A comparison of the invertebrates from the Belly River and Judith River formations
with those from the Lance formation of Hell Creek, Mont., and Converse County, Wyo., is given
in the following table. This list has been compiled from the lists published by Hayden and
Stanton and from the collections made by the writer and his assistants in 1912.
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TABLE 4.—Invertebrate fossils from the Bel‘l}/ River and Judith River formations and the Lance formation of Hell Creck,
ont., and Converse County, Wyo.

References indicated by figures in the table are as follows: ! Stanton, T. W., U. 8. Geol. S8urvey Bull. 257, Kp 104-119, 1905. 2 Stanton, T. W.,
gzuh!’ggw‘ n Acad. Sci. Proc., vol. 11, pp. 243-247, 1909. 3 Collected by ¢.F. Bowen, 1912. ¢ Hayden, F. V., Am. Phllos. S8oc. Trans., vol. 11, p.
y A

Judith
Lance

River ‘

formation. | formation. fo on.

=
5E

Anodonta paraliela White,
Anodonta propatoris White
Anomia orhyn&l;eui M

Bulinus subelongatus M. and H. .. ..
Campeloma muitilineata M. and H..
Campeloma producta White. .......

Goniobasis subtortuosa M. and H...
G ‘-:shten&lguimull.andn...

.andH.........
hserium recticardinale M. and H. ...

tus limneeiformis M. and ..
Tulotoma thompsoni Whitde. [

RKXXHKKX XX XXX
5000 90 55 00 00 = o8 0 12 00

Unio priscus var. abbreviatusn. var................... . eerreieeeeeaaa,
Unio proavitus White. .. ..........coooiviiiienniann.. . erteeemeeaeaas
Unio pyramidatoides Whitfield. eeeerereiraaen, . e

Unio pyramidellus. ............ ..
Unio retusoides Whitfleld... ... .. i
TUnio senectus White........... O,
Unio stantoni sdamw) ‘White .

Valvata montansaensis Meek. .. .
Vitrina obliqua M. and H........ eeereenaiaaa

Viviparus conradi M. and H..... eeeeaereeeaaaa e reerereeteeeane. X1
Viviparus plicapressus White. . ... .. ... ... e oo Xt

This table is summarized in the following complete list of the forms common to two or more
of the formations involved:
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TABLE 5.—Forms which occur in more than one of the formations represented in Table 4.

Belly River formation. Judith River formation. Lance formation.
Anodonta paraliela wmu ............................................................................... Anodonta parallela White.
Anodonta propatoris White......................... Anodonta propl.wﬂa White..............coooil
AmmiaA grmhynchmm An..:j': horhynchus Meek....................
Bulinus atavus White.......... ...| Bulinusatavus White............................
Campeloma multilineata M. and H. - TP P Campeloma muitilineata ll and H.
Campeloms producta White......... F O PP Campeloma producta W'
Cam; vetulaM.and H.. ... ...| Campeloma vetulaM. and H..................... Campelomavetulal( andH
Corbicula cytheriformis M. and H. .| Corbicula cytheriformis M.and H.................
Corbicula occidentalis M. and H. . ...| Corbicula occidentalisM.and H.................. Corbicula occidentalis M. and H.
Corbula perundata M. and H..... ...| Corbula perundata M. and H._....................

Corbula subtrigonalis M. and H.. .| Corbula subtrigonalisM.and H...................
Goniobasis convexa M. and H.. Gonlobasis convexaM.and H....................
Goniobasis invenusta M. and H...

-] Goniobasis invenusta M. and H... ... . 110000

Gonlobasis Judithensign. sp.......... .-.| Gonlobasis judithensis n. sp.............. 010
Goniobasis sublsevis M. H.o.....o.o... ...| Goniobasis subleevis M. and H. . ..
Goniobasis subtortucsa M. and H........... --’| Gonlobasis subtortuosa M. and H

. and ..| Helix vetusta M. and H.
Hyalina (?)evansiM.and H..._............ ...| Hyalina (?) evansi................. .

Hytlim (?) occidentalis M. and H Hyalina ? oecldenmlls M.and H.

. Melania whiteavesin.sp..........
Mytilus subucnatus M. and H..
Ostrea glabraM. and H....._...
Ostrea mbt.rlgomlh E.and8.. ..
. Pu.\op:msim atrix Whiteaves. ..................

Ostrea subtrigonalis E. and 8.

_..| Physa copei White Physa copei White.
Ph%?rbh (Bathyoni})halmhamplexus M. and H v cope

. Spharl

.. haerd .| Spheerfum planum M. and H.
p ................................. :: Thaumastus limnseiformis M. and H.

Unio cryptorhynchus White. . ..| Unlo cryptorhynchus

Uniodmalya.:dﬂ ........ .. Unloduml andH(T)

Unio primsvus wnm ....... .

.| Unio priscus M. and

..| Unio senectus mw ........... ..
Unio subspatulatus M. and H....................

Viviparus conradi M. and H Viviparusconradi M. and H......................

-_| Ostrea glabra M. and H

This summary shows that of 88 forms listed in the preceding table 19 genera and 38 species
occur in two or more of the formations involved. Of theso 38 species only 2 occur in the
Judith River and Lance which do not also occur in the Belly River and 4 species occur in the
Belly River and Lance but not in the Judith River. There are 32 species common to the Judith
River and Belly River, 9 common to the Judith River and Lance, and 7 common to all three
formations. Although it is generally conceded that fresh and brackish water invertebrates are
of less value than marine invertebrates for the determination of age and correlation of forma-
tions, except in local basins, the large number of forms common to the Judith River and Belly
River as contrasted with those common to the Judith River and the Lance seems to be signifi-
cant, and if the fresh-water forms have any weight whatever they certainly favor the correlation
of the Judith River and Belly River rather than that of the Judith River and the Lance, and
therefore they tend to establish the Cretaceous age of the Judith River formation.

VERTEBRATES OF THE JUDITH RIVER FORMATION COMPARED WITH THOSE OF THE BELLY RIVER
AND LANCE FORMATIONS.

In Table 6 is presented a complete list of vertebrates from the Belly River formation; the
Judith River formation; the Lance formation of Hell Creek, Mont., Converse County, Wyo.,! and
adjacent localities ; the Denver and Arapahoe formations of the Denver Basin; and the ‘‘Laramie”
formation of Black Buttes, Wyo. A similar but less comprehensive table was published by
Osborn,? and most of theliterature and determinations have been reviewed by Hatcher? and Hay.*

These publications have served as a basis for the present compilation, though the writer has
examined also most of the original descriptions and for doubtful species practically all the litera-
ture available. The table gives the name of the species, the formations in which it is reported
to have been found, the finder and date (where known), the location at which each specimen has
been found, the material on which each determination is based, the authority and reference for
the determination, and a column of remarks in which is given mainly a synopsis of the views
of the authorities who have reviewed and criticized the original determinations and the mate-
rial on which those determinations were based.

1Converse County has been subdivided and the areas referred to in tke table are now in Niobrara County.

2 Osborn, H. F., Distinctive characters of the mid-Cretaceous fauna: Contr. Canadian Paleontology, vol. 3, pt. 2, pp. 11-15, 1902.

2 Hatcher, J. B., Geology and paleontology of the Judith River beds: U. 8. Geol. Survey Bull. 257, pp. 67-103, 1905; The Ceratopsia: U'. 8.
Geol. Survey Mon. 49, 1907.

¢ Hay, O. P., The fossil turtles of North America: Carnegie Inst. Washington Pub. 75, 1908.
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TaBLE 6.—Geologic distribution of vertebrates in the Belly River, Judith River, Lance
[The numbers 1 to 6 used in the last six columns correspond to the numbers printed in heavy type over
1 2 3 4 8 [}
“Hell “Lars-
Species. Judith | beds” for- m and Ara| Finder. Date.
Bm River for- slamo mation, Black’ | ahoe !all:-
mation. | mation. Wy- Buttes, | mations,
tion), | oming Wy-  |Colorado.
PISCES.
Acipenser albertensis Lambie.......... tX X feeeeeeneas b S IO F . Lambe._.. .. ....... Lol . ... ..
2. Not given.
4. Not given.
Ceratodus (Rhineactes) eruciferus Cope. X > G IR AP EPPPRPURI AR, 1. Lambe............. 1 100)..........
. 2. Bternberg.
!
Rhineastes sp. fndet........ccoeenie i foreaiiiiidoaiiiis b, S ORI IR MY R R,
Ceratodus hieroglyphus Cope...........|.......... 1 5 CEN O AU AP R, Notgiven ... ... ....|cccieiiccaaianans
1
Diphyodus longirostris Lambe. ........ b S PO, b G PO R 1. Lambe... ... 1900 ... .. .....
Diphyodus 8p.....ccccvverenirenmenciiifecenennai]onnnnn.. b S U IO PN PRI RO
Hedronchus sternbergif Cope...........[.......... b, S PN TR AP AR, Bternberg.............fiiiiiiiiiiiiiii.
id tX | X | X feeerenenn Lambe...__........ 1.1801..........
Lepm (Lepidotus) nccidentalis X X X X X 2. Hayden.
]
Lepisosteus (Lepidotus) haydeni Leidy|......... L5 S O Y B Hayden.........coooi]eiiiinnnnniiiieas
hus b ftus Cope........... | 5 S PPN I SR P . . Btermberg ........ ..l ocieeiiiiiiiel
Myledaphus bipartitus Cope X X X 2, 4, Tateher,
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(““ Hell Creck beds” and ‘‘ Ceratops beds”), and Denver and Arapahoe formations.
the locality columns. The letter ¢ indicates that the observation relates to the type of the species.]

Locality and hic
dlt:ﬁn as given by o mth%g-s Material ?:nwhmwmm& Authority and reference. Remarks.
cited.
t1. Red Deer River district, | t1. 8 keeled dermal nLambe,ContrCanadhn240tthkmdthe7 les which follow,
jeld. Paleunwlogy, vol. 3, pt. 2, Hatcher (op. cit., p. 67) says: “They ma{
2. Judith River formation {lo- | 2. 8imilar ossifications. ; present known from such msufficient ma
cality not given]. 4. Not given. 2. Hatcher U 8. Geol. Survey rhl as to render them of little value lor pur-
4. Laramie formation, Converse Bull. P. 69, 1905. of Hatcher says ossifi-
County, W' 4. Hatel o e et W illi- Pevins stoatar o the terlal from
ieme new ser., vol. Canada are common in Judlt.h River
m,p 952, 1002. formation and I the Laram: ie(hneelot-
mation) of Converse County, W
1. Bellleverserb,RedDur 1. A number of fragments of | 1. Lam!

R
2. Fort Unkm beds, Montana.

Hell Creek beds, Montana.

t. Fort Unijon beds, Montana.

Red

Mon-

t1. Be!ly River serles,
Deer River, Alberta.
2. Judlth River beds,

4. Lnnmh gos Converse
County, e

Hell Creek beds, Montana.

Fort Union beds, Montana.

t. Badlands of Judith River,
Mont.

River series, Red Deer
River, Alberta.
t2 Fort Unijon beds, Montana.
Le'gnmie Converse County,
yo.

cranial bones.
t2. A basal and dentigerous
lamina.

Not given.

t. A dentigerous plate.

tl. A aw with numerous

tee!
2. Fragmentsofslmnnr ws
4. Fragments of similar

Not given.

Founded on the crown of a
young

, | 1. Numerous

t2. T founded on 5 1-

ype on 5 spec
mens of thick lozenge-
shaped scales.

3. Not given.

4. Numerous cutes associated
with opisthocoalous verte-

6. Not given.

t. Founded on a single
men of a t,hiia::lk8l oﬁggg
square scale.

1. Represented By many de-
tached and isolated teeth.

t2. Tyge founded on detached
and isolated teeth.

4. Bimilar teeth.

be, Contr. Canadian
Paleunt:)lzogy, Vol. 3,pt. 2,

. 8. Geol. Survey
Bull. 247, p. 68, 1005.

Brown, Am. Mus. Nat. Hist.
Bull,, vol. 23, p. 842, 1907.

Cope Acad. Nat. Scl. I’hﬂa-

elphh Proc., vol. 28 g
260, 1876. Hatcher, U.

Geol Survoy Bull. 257, p.

tl. Lambe, Contr. Canadfan
&logy, vol. 3, pt. 2,

2, 4pmtchef,U 8. Geol. Sur-
vey Bull. 257, p. 69, 1905.

Bro Am. Mus. Nat. Hist.

Bull., vol. 23, p. 842, 1907.

Acad. Nat. 8ci. Phila-

elphia Proc., vol. 28, g
258, 1876. mmher, U.

Gwlw%my Bull. 257, p.

1. Lambe, Contr. Canadfan
Paleontology, vol. 3, pt. 2,
Lzs. 1902,

t2. Leidy, Acad. Nat. Sci.
Philad hia Proc., vol. 8,

7, 1
rown, Am. Mus. Nat.
Hist. Bull., vol. 23, . 842,

4. Wlluston, Scienee nevsot -

vol. 1
6'(}’8 deol. Survey
l(onl'l,p 527, 1896.

t. Leidy, Acad. Nat. Scl. Phil-
adelphia Proc., vol. 8, p.

73, 1

1. Lambe, Contr. Canadian
Paleonmlogy, vol. 3, pt. 2,

t2. mipo.\cad Nat. Sci. Phil-
iphia Proc., vol. 28, p.

260,

4. Hatcher U. 8. Geol. Surve:
Bull. 257, Rng';' 1905: Wil-
liston new ser.,
vol. 1&, P 953, 1902.

T

River. that time was using Fort
Union in osamobmdsemethntm
ﬂ to Laramie. On 263 of the
. Nat. Sci. Ph!hd vol. 28,
e uses the Fort Unfon

lands of t.he Judith Rivu- ’’ and on
.}1%54 U. 8. Geol. dGeog

emy Proceedings.

ore used the terms Judith River

lormztion and Fort Union formation indfs-

criminately when relemng to the Judith

River area. (See also remarks on Acf-
penser alberiensis.)

See remarks on Acipenser albertensis.

Bee remarks on Acipenser albertensis and Cera-
todus eruciferus.

2,4 Rel tho material,
m mnnrjawsmfonnd

both in the Judlth River beds and in
Laramie of Converse County.” (Seo also
remarks on Acipenser albertensis.)

See remarks on Acipenser albertensis and Cera-
todus eruciferus.

See remarks on Acipenser albertensis.

Cope (U. 8. Geol. and . Survey Terr. Bull.
3, p. 574, 1877) mak . occidentalis and L.
haydeni synonymous.

2. Given also in lht trom Judlth River lorma:

7 Hatoer (0 8.
3 er (

Geol. Survey Bull. ?57, Pp. 68) says: ‘It
would be impossible to identify either gen-
:ra or species from teeth of such simple
lorm.
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TABLE 6.—Geologic distribution of vertebrates in the Belly River, Judith River, Lance

|
i, 2 3 4 3 ]
“Hell “Lara-
Creek Lance [mie” for-| Denver
Species. Bell Judith | beds” for- mation, |and Finder. Date.
River River for{ (Lance | mation, | Black |ahoe for-
mation. mation. | forma- Wy- Buttes, | m: ,
tion), | oming. Wy- 0.
llont.ana.I oming.
PISCES—continued.
Platacodon nanus Marsh...............].c.eeeenn Y PP [ > G P R Hateher ........oooviifivmnienniannnanss
1
LAmMNA SP.v.ceineiaiarieeccerasacecns]oeciesnces sonnennns D O O Brown....coeiveiiiecifiniinninniiiiiiois
AMPHIBIA. |
Hemitrypus jordanianus Cope.........|.......... ; D SR FUUSUN FPPRP PN AR Notgiven..........c.|oeeenimnniniaan.
i
1
Scapherpeton tectum Cope............. X tx X S RN SO 1 Ii,nmba. 2,3,4,m0t | 1.1901..........
given.
Scapherpeton laticolle Cope...... [ PR 75 P R O
: \
1
! '
[
Scapherpeton excisum Cope...........|.......... [ 5 QN R AR OOt g
Scapherpeton favosum Cope...... RN A tx ...........5
|
PLESIOSAURIA.
]
Cimoliasaurus magnus Leidy........... b R RN MNP FPRURR FRN Lambe........cc...... 1901...ccennannn.
|
Ischyrosaurus (Ischyrotherium) anti- |.......... D S P b S PO PN 2. Stanton and Hatch- | 2, 1903........ ..
quum Leidy. er.
4. Hatcher.
t. Hayden,
Uronautes cetiformis...................[.....oe... 157062 T PRSPPI ISR AR AT, COPO..cuuvnneanraseeeclivemunneennaaacans
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(““ Hell Creck beds” and *‘ Ceratops beds”), and Denver and Arapahoe formations—Continued.

si'ii:’n as glven byi%'e authots

Material on which determina-
tion is based.

Authority and reference.

Remarks.

t. Laramieof Converse County,
Wyo.

Hell Creek beds, Montana.

Judith River beds, Montana.

1. Bell
Dear R

Rli;ver, Cnmda,

Creek and
t2. Judnh RE&: beds, Mon-
3. Hell Cieek beds, Montana.

4. Laramie of Converse Coun-
ty, Wyo.

t. Judith River beds, Montana.

t. Judith River beds, Montana.
i
|

t. Judith River beds, Montana.

, .

t. Detached teeth, two dental
{xbtcs with teeth in posi-

Not given.

A single vertebra.

Sevanl trunk vertebres and

t2. ’l‘ype lounded on a single
vertebra,;

ulax portion of the mandi-

3 Not
. Numerous vertebre and
fragments of the mandible.

t. Founded on an atlas and
several dorsal vertebre of
different individuals; ver-
tebree may belong to 8.
tectum.

- sgcmvombm

indlvldnala of

on scat-
from three
different

t. Species founded on a si
mm ngle

Fourteen cervical vertebrs,

robably belonging to one
g:dhridn;

2. A number of verteb:al cen-
a.
4. Several vertebre.

ear Armells Creek, Judith
Rimdhtrm Mont.

Cervical, dorsal, and caudal
vertebre and portlons of
limb and rib bones.

Mmh Am. Jour. 8ci., 3d ser.,
p. 178, 1889.
Hatcher Sciance new ser.
vol. l2,p ne, 1900 Carne-
Mus. A y vol. 1,p.
, 1901,

Brown, Am. Mus. Nat. Hist.
Bull., vol. 23, p. 842, 1007.

Cope, Acad. Nat. Sci. Phila-
del elphia Proc., vol. 28, g
i Bl

71, 1905. 1P

1. Lambe, Contr. Cansdian
Paleontology, vol. 3, pt. 2,

t2. &; Aead Nat. Sci. Phil-
ia Proc., vol. 38, p.
355
3. Brown,

Am. Mus. Nat.
xm Bull., vol. 23, p. 823,

4. Wlm:ton 8cience, new ser.,
vol. 16, pp. 952-953, 1902.

t. cgle’l"f:i?d Nat. s:i.lgam
p] v

3586, 1876. na%chnr U.E

Geolléosﬁurvey Bull. 257, p.

t. Cope, Acad. Nat. Sci. Phila-
del Proc., vol. 28, g
357, 1876. naécher,
Geol. Survey Bull. 257 p.

70, 1

t. Copo,Aead Nat. 8ci. Phila~
delphia Proc., vol. 28, g
357, 1876. Hatcher, , U.

Geol. Survey Bull. 257, p.

70, 1

Lambe, Contr. Canadian Pa-
1eont&lzogy, vol. 3, pt. 2, p.

2. Hatcher, U. 8. Geol. Sur-
vey Bull. 257, p. 72, 1905.

4. Marsh, Am. A écL 3d
ser., vol. 38, p. 83, 1889

Cope, A(nd Nat. Sci. Phnn-
hia Proc., vol.
346 1876.

‘When first described by M arsh this animal was
ngaie ; mammal. b’l‘llexs gngg of
more remains
detemlnepits true rd.tuonshem sicherto

tinguished herpeton b th
tlonofthofommenpm Yo post

The typo of thjs species is founded on vertebrse
ds of New Jerse do-
scribed by dy in 1853. Hatcher
Geol. Survey Bull. 257, p. 71) aays: “Ith
not improbable that I.ambe mmhl be-
longs to a different genus and species.’’

2. Hatcher says the mwhl is so incomplete

that the determination is uncertain. The

sme was (ound by Hayden in

th l.kou tween Grand and Moreau

an “outlier of the gieat lignite

beds." Batc!wrsa the horizon was more
nearly that of the Fox Hills or Plerre.

Cope regards the horizon as Fox Hills, but his
Fox Hms would be the upper part of the
ion. Bawgar says that the

en eame either from the top of the

(q:eggett or from the base of the Judith

River.
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TABLE 8.—Geologic distribution of vertebrates in the Belly River, Judith River, Lance

1 2 3 4 5 [}
"Bell "
Spectes Belly | Judith | beew | e |Tetion [and Amap- Find Date
5 u " - mation, |an : er. .,
River for-River for-| (Lance | mation, * | ahoe for-
mation. | mation. | forma- Wy- Buttes, | mations,
tion), oming. Wy- |Colorado
Montana. oming.
CHELONIA.
Adocus (Compsemys) lineolatus Cope.. X X X b, SEN R, tX(?) | 1. Lambe...... ceecoee 1.1901..........
( ¥e) e X 2. Sternberg 2. 1876.
3. Brown. 4. 1877.
4. Isaacs.
6. Cope.
Neurankylus eximius Lambe.......... . PO e e I LS Lambe.......c.cce.... 1901.............
Bulumfs (Compsemys) imbricaria |.......... L 5. G PN SN R . Sternberg........cecc. 1876 cceencccnnnn
(Cope).
Basilemys (Compsemys) variolosa X | >~ (R PR PR PR, Lambe.......c.ccc... 1. 1901 ..........
(Cope). 2. Sternberg 2. 1876.
Basilemys (Compsemys) ogmius (Cope).| tX  |.c.cooooiloeemmniii]oinrniiiiorniiiieiorinnnnnns t. Dawson............ 1873-74..cc......
Basilemys sinuosa Riggs............c.|oeeeeeeii]enennnnnn. b N PN IR AU, 8. BrOWR «.coccecccnt)innnneioiinnnannns
t. 1905.
Baena antiqua Lambe................. | 57 GHN PR M IR IR AR t1. Lambe............ 1.1901..........
Baena callosa Lambe...........cociifoniiianns L O e Ot PR t. Hatcher............ 1908...cceeennnnn
Bacnahatcheri Hay.......coovvvnieen]ineiacnn]oecanensfoecnnnnnas | > G PO P t. Hatcher............ 1900......cccennen
Baenamarsh{ Hay.........cccciviiienn iivnnriana]eecancnenafovenieanes 1% G PN t. Hatcher............ 1880... . ccuee. .
Beremys puichra Lambe............... B A R P PSR t. Lambe............ BB | S
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(*“Hell Creck beds™ and ‘‘ Ceratops beds”), and Denver and Arapahoe formations—Continued.

Locality and stratigraphic po- .
:!lt&nu given by the Buttiors n‘wwﬁ;‘n“"mb%@m Authority and reference. Remarks.
1. Belly River series, Red Deer | 1. Fragments of right hypo- 1. Lambe Contr. Canadian | This 'was also from the mouth
Rigc Alberta. plasn-al and margin ol Paleontology, vol. 2, p. 38, of Bighorn River, Mont. Hatcher thinks
2. Judith River formation, 1902, Lambe’s determination of the B River
ontans. 2. Fmgmenu eosms. 2. Hay, Fossil mrtles of North specimens may beincorrect. Hay (loc. cit.)
Hon Creek, Mont. 3. Fragment of a costal an Ameriea g 1908. says: “It is unsafe to identify as
4. hnmhotConmCounty, lphanl (Hay, loc. clt) u. Geol. and to 4 1 m the
Wyo. 4. f costal and Geog Survey Terr. Bull. Judith River and Immhl ] beds
beds of Colorado lastnl. 3,p 573,1 before far better materials * * * have
L(‘,‘rou(U.s Geol. Survey | t6. ts, a verte- "Mus. Nat. been oollected the ?pe !
on. 27, p. the bral and sternal, which Bt.hull. vol. 23, p. 823, B Creek, Colo.] * * It is im-
borison_as probably Arap- constitute the type. 1907, g: ble that the species continued from
ahoe. In a nal com- 4. Hay, Fossil turtles of North Judith River epoch to the
munication the writer America, p. 248, 3 epoch.’
g; B- Richardswon says: t6. Cope, U. B. Geol. and
“No vertebrate Geoﬁ Burvey Teer. Bull
are known to occur in the 0. g 30, 1874.
Lnnm.l'e of t?omDenvq- d.%h:ﬁ.% Geg’l 080‘;.'.
Basin.” Cross’s interpre- vey » P T
tation of the horizon is
therefore probably right.}
t. Belly River serles, Red Beveral costals representing t.Lunbo, Contr. Canadian
Deer River, Alberta. a part of the carapace. e 1vology vol. 3, pt. 3,
p. , 1002,
t. Judith River beds, Mon- | Founded on unsatisfwtory Hay, Fossil h:rtles of North Hay (loc. cit.) says that the species is found
tana. material, only three frag- America, p. on very unsaf material, that tho
mentsof w can now be | t. Co elpl‘:“‘d Nnt.Bd.Ph.lls- fragments d

3. non ka, Dawson County,

Cc-atopsbeds,ChalkB )
near Powderville, Custer e
County, Mont.

tl. Belly River

serfes, Red
Deer River
Creek,

below Berry

Judith River beds, Wﬂlow
Creek, Mont.

Converse Coun- |

tz, WE south side u;)e(
mouthotDoeghm
S ooeund Back

Bell ver neﬂa, mouth of
gerry Red Deer
Albert-.

37183°—15—9

referred tothetype. These
g;glmt.s are probably

1. By Lambe
plastron an

of a
anterior half

3. Flragmnta of epiplastral
ole shell.

1. Part of a carapace, also th
nnteﬂor end of a pla.sntg:

Bine miivia

o e

t. A cars and plastron
nearly complete.

Cut oi t ter portion of
or of the shell; the

ter part of the central
portion of the cara) and
most of the left side, and a
large part of the plastron.

The anterior half of the cara-
pace and the complete
Pplastron.

fa Proc., vol. 28, p.
257,1876. 'P

1. Lambe, Con! Canadian
P‘leontology, Vol. 3,pt. 2,

cgff Acad. Nat. Sel. Phils-

hia Proc., vol. 28
P whc,t)’.g.

Bl Borvey balt 257
0.
%, 1006, 'P

t. Dawson, British North
America Boun: Comm.
Rept., p. 130, 187

l?osslf gms%:‘,
erica, p. 229

908,
t. Rllix;, Field columblan
bs., Geol. ser.,
vol. 2, p. 249, 19806.

1. Lambe, Contr.
P""""«”‘x%’ e
) a os~
orth Amer.

iea, p. 62, 1908

t. Hay,c

vol. 1, p.

of North
p. 63, 1908,

. Hay Anl‘ Jam zss? 1940‘4h
ser., VOl 5
Fosstl “turtles of North
Anmerica, p. 63, nos

t. Lambe, Ottawa Naturalist,

vol 19 1906. Ha:
'!t)un 3 of Nort’ii
, P. 92, 1908,

escribed ng to more than
om specls,and that bem msterhl wﬂl
gengu poutlon of Cope’s 0 lm
Eugene Steb! ol the U. 8. Geolog!ul Bur-
vey, who the area
from which Dawson ob the
spec that the

dw‘l,:tgilq?l! tver The
are un: yo
i ited by Bevss

\WS0nl was very

. Hs cit. p. 229
ptary, X ’:....5.. P &) o
could be identified by means o(the typo."

g l'? ?‘:gec.u fm Im Lunbe (op. clt.,

from Red Deer River (Belly River
formation), Canada, referred by Lambe to
is has since referred

this s to
Boremys pulchra.

referred by Lambe to Baena Aatcheri,
ter to B. pulchm, and finally to the pres-
ent genus and species. Hay also describes
it as Boremys pulchra.
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TABLE 6.—Geologic distribution of vertebrates in the Belly River, Judith River, Lance

1 2 3 4 5 6
“Hell “Lara-
. Creek Lance |mie” for-| Denver
Species. Bell;w Judith | beds” for- mation, {and Arap-| Finder. Date.
River for-River for (Lance | mation, | Black |ahoe for-
mation. | mation. o Wy- Buttes, | mations,
tion), | oming. Wy- |Colorado.
Montana. mlig
CHELONTA—Ccontinued.
Compeemys obscura Lefdy......c..cooeifiviiiiiiiforineenccd] X Jeeeiceiiioieniniiideeen et 3. Brown ............. 3.1002..........
e v X t. Hayden, 1855 or earlier.
Compeemys victa Leldy...oeeeeeneneaciliiiiiiiiioeacaaed, X | X feeeenaeen ?) | 3. Brown............. 3.1902..........
s v X X xM 4. Isaacs, Hatcher. 4. 1877.
6. (D). 6. ().
t. Hayden. t. 1855 or eariler.
Aspideretes beecher]l Hay........cceceno]eveennn... X X L > G PR (R 2. Hatcher........... .2 1889..........
3. Brown. .
t4. Hatcher and
Beecher.
Aspideretes (Trionyx) foveatus (Leidy).| X tx b S FOTSUUR ISR X 1, Lambe............ 11900 ...,
t2. Hayden,
. Brown.
6. (7).
Aspideretes ? (Trionyx) vagans (Cope)..]....cccooefeicieeinioiiiiiiiovirnnaadoeennns tX(?) | t6. Cope, Hayden.....| 6. 1873..........
Aspideretes splendidus Hay ...........[....cccc.en | 5" G PO AR R P, Sternberg.......... eee| 18700u.ceanna....
Aspideretes granifer Hay...............].cceeenenn L2 S R () I Hatcher............... 1887..ccnnnnnnns
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(““Hell Creck beds” and ‘‘ Ceratops beds”), and Denver and Arapahoe formations—Continued.

3. Hell Creek, Dawson County,

A.LmeekaW
6. N Colorado, i

2. Fish Creek, Mont:, south of
Musselshell River.

Converse

3. Hell Cmﬂ Mont
6. cmps beds near Denver,

8. taceous (prob-
Mp.hoe !onmtlo

to Cross, U. 8.

Geol. Survey Mon, 7)

Bijou Cresk 40 miles east

ﬁonnstlon near mouth of

Bighorn River, Mont. ,and
Long ., by

Lake, N. Dak.,
Hayden.

t. Judith River basin, Mont.

Judith River beds, Cow Island,
Mont.

2. Two
3. Not given
. A v-lgearly complete indi-

1. A nearly completecara;

t2. Sevenl costal and sternal

3. 'l‘gmnwnhandpomom
of costals.

6. Notg!vun

t8. A number of fragments of
costals and sternals.

A large but imperfect carapace.

Nearly oomgleto costal and
fragments of other costals.

3. Brown, Am. llus Nat.
Hist. Bull., vol 2, p. &3,
1907. Hay, Foesll
&gotth America, p. 233,

4. Hay, op. cit.,
6. Hay, o cit., pp 233,234

t. Leid P Acad. 8cl.

Proc “vol. 8,

s , Am "Philos.
. 153.

urvey

l(cn. 27 p. m, 1808,

2. Hay, Carnegle Mus. An-
nals vol. 3, p. 178, 1905.
3. Bro Am H s. Nut
Hist. fBuu
. H-y, Am. flour éci 4th
ser., vol. 18, p. 224, 1!

1. hmbe Contr. Canadian
&lﬁxy, vol. 3, pt. 2,

1907,
°£o§°nh Xmerlce, p. 488,

6. Marsh, U. 8. Gopl Survey
Mon, 27,p 527, 1898,

t6. Cope, U. 8. Geol. and
Geoi Survey Terr. Ann,
Rept., p. 453, 18M4.

Hay, Fossil turtles of North
America, P. 490, 1908.

Hay, U. 8. Nat. Mus. Proc.,
vol. 35 pp. 168-169, 1908."

Locality and stra
:iltlonyngivonby authors m&'{:’m@ Authority and reference. Remarks.
3. Hellcmek,l)awmcoun ,| 3. The proximal ends of two | 3. Brown, Am. )(us Nat. | This in Osborn’s llonhm
. costals. Hist. Bull., vol 1. 23, p. 623, 823, list ( Paleontology, vol. 3,
lﬁ’hke N. Dak. [In t. Type part of a costal plate. 1907. Hay, %‘ 2, 1002), and in Peale’s’ Judlth
regarded of North Xmerla, p. 235, iver list (Jour Geol vol zo
Lance formation.] 1008, 1912), bly_on ty "o
t. Leid Acnd Nat. Scl.Phﬂ Cope’s list (U. 8. Geol Survey
ndrxghh ., vol. 8, p. ‘Terr. Bull. 3, p. 573, 1877) of “Vertebrate
312, 1856. fossils ob on or near the Missouri
River.” Cope’s tions of the specles
are given in Am. Philos. S8oc. Trans., vol.
14, p. 124, 1869; U. 8. Geol. and Geog. Sur-
vey Terr. Bull, 1, No. 2, p. 30, 1874; U. 8.
Geol. Survey Terr. Rept., vol. 2, p. 261,
1875 each of these descriptions Cope

The reference of this specles
f%uot?byt{eﬂehbuedonthsm:m
au a8 the preceding specles, Te-
marks concerning which apply here, ex-
ee t that in the Am. Philos.

14 124, 'ves the I
uf Judfth 15::, Nebr.,” bu
ted fers

]

»

.P-w

vol. 13, 1911) regards the formation

y thmisnobasislorincludh:g
this in the list from the Judif
River formation.

2. Ha tfnm clt)i:s'aysthntltmybolon;toa

from
but

hu?eehs almoollectodv;
the ‘Laramie” (Lance) of Wyoming,
was called by him Trionyz foveatus.

2. Also re| in Cope’s oollecﬁon from the

g‘ud.lth Rlvor basin (lh 'ossi] turtles of

3. Hay (loc &
Judi er formation they would
wit.hout healntlon be referred e{
* & % Only a oomphto shell of
thk “Laramie form will settle the questions
involved.” There is therefore doubt as to
of the specimens

the s;gcmo identification

oHa locclt says that this probably be-
loZQ(s Am&iaysbuchcﬂ pro v

Hay (loc. cit.) refers Lambe’s specimen of T.
yu(:au to Zlapddmm coalescens.

Cope’s reference of T. utotboludith
River formation ma; “X avebeon
this on (A Nat. Phﬂadd-
his 1875; U. 8. Gool .and Geog.

urvey Terr. " Hat 3, p. 573, 1877).
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TABLE 6.—Geologic distribution of vertebrates in the. Belly River, Judith River, Lance

1 2 3 4 5 )
“Hell “‘ Lara-
Species. Bell Judith | beds” 1 m:hh' nm'n'p- Find Date.
g lor- mation, er.
Fllvc ior- River for-{ (Lance | mation, lack | ahoe for-
mation. | mation. Wy- | Buttes, | mations,
: tion), | oming. y- |Colorado.
. Mon! oming.
CHELONIA—continued.
A%i;il:em (Plastomenus) coalescens b S PSRRI IR MR F NP A, 1. Lambe and McCon- | 1. 1897, 1808, and
) Hay. nell. 1901,
t. Dawson. t. 1873 or 1874.
Plastomenus oostatus Cope.......c.....licecccece]orianenens b, SN SR PP R 3. Brown............. 3. 1902,
t. Dgwson. t. 18737
Plastomenus punctulatas Cope.........[..c.cocoecfoeneanecchcniiaioenianiiifeconnnnne. tX(?) | Cope....uunnennnnannns 1873, veeenans
Plastomenns fnsignis Cope.............[.....oooriiiiiiifovinniiiioeninii s et tX(?) | Cope......ccvvuunnn... 1878.............
Eubaena cephalica Hay.......ccc.coovofecennnnetenacnneiidonennnnn.. X feecienncadfeienaanans Hatoher............... [¢ 9 PO
Eubaena latifrons HAY ...cceoeneeeeeneniiiannnoennniiiioeninii. b S PP R, Brown.........cooooifiiiinniiiiiinnnen.
Thescelus tnsfllens Hay........cccoeeiecnnennnnifeananaiiionnnnnnn, | 3 G P Brown...........ccooieveeeciinnecnnann.
Helopanoplia distincta Hay............ | feeaoiaiiieeiiiiins [ 5% S PP AN b2 37T N
Gyremys spectabilis Hay...............|.......... L2 R Y gwnb«rg ............. 1876...ccceenn...
Polythorax missouriensis Cope.........|.......... 5 S IO AU MO FARPR F R 1876.............
Glyptops depressus Hay.........coooee|eeenennnefonnnnniaioviiiiiiit]oeeeeneccdonnaananas tx(?) | Cannon............... 1889............. °
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(*“ Hell Creek beds” and “‘ Ceratops beds”), and Denver and Arapahoe formations—Continued.

Locality and hic po-
:ci‘t&nnglm by luthm m“”t‘ign'{smmg{“m Authority and reference. Remarks.
|l Belly River uths Red l.!nlw of dorsal and | 1. Lambe, O m!ht 1. Hay cit.) provisionally be’s
DleRlver, . shields. In 1901 a vol. li tr. prom u&u and Plas-
t. South of Woody de- cnmdfm f’-.hon from y River
mdebet'wmgg "';n{,’# t. Typens Part of the plaseron, wm]' - t'lia t. Knowlton wm’:u‘;n m formation
° an . [y of the . cft.
ed by t ornnglgench t.les of Nort.h Amerh., p from whlcgo(cjopo’s type en was ob-
lton as the equiva- determination. Ha tained instead of Belly River or
lent of the Lance forma- that Cope erred in - |t Oopo, Brlush North Amer- Judith River. Until the
ing & part of this belonged ica Boun Comm. ters and geol horizon of
carapace. Rept. . 237,18/5. Knowl- referred accurately de-
Aud ed it can not be positivel
Sel Proc., vol. 13, pp. 53- whether or not this in both
Belly River and
|3. Hell Creek lzmﬂesmtho! 3. Cars and plastron, | 3. Hay, Fossil turtles of North Nonkhtanbeathohadwthospedm
Mont.. of each. ' quui&m, 1908,

t Southo(Wood t. J t. o tsoumooshlmds t Oope British North Amer- mtholWoodyl!ou&g:a clt..) htoo
Canads, same an ypo%:mon fragmen- Comm. according to oc. ,
horizon’ as Am&ma tary final determina- Rept. 334, U. 8. lhgmentary for final determination, and
(Plastomenus) coalescens, tion. ’sgrve Terr. ’Rept. homon is doubtful. Hatcher
above, 2 p. 04, Pl. VIII, ng it as River; Knowlton (loc.

8, 1876, Git) as Lance, Do species has
been identified tmm e Belly River only
. and this one from the Lanoe.

Northeastern Colorado b- | Fragments of a costal plate. U. 8. Geol. and Cope also the hmthoviclnlt
ably_Bijou’ Creek PlSee pia arve 'l‘err sevenax Yone Tare, N, Dok ok Lancol
comment by G. B. B - Ann. hespeciumslso!ndudsdln
ardson under A docus lineo- Hay, tn.rdea of River [Belly River] by Batcher, but
latus.) North Amerla, p. 468, Knowlton (foc. cit.) has pointed out the

1908. Knowlton, Wash- error in Hatcher's reference.
hﬁwn Acad. Scl. Proc.,
13, p. 56, 1911.

Northeastern Colorado b- | t. Fragment of the hypoplas- | t. Qape U.8. Geol and Themhremofthhapechotothﬂudlthmm
pee meol? g B’:m ’ e t 453 1873 4 gt. mm Seo Knowlton,
a.rdaonunde’tAdmo lineo- ptun‘el o op. oit., . 36
latus.) America, p. 468

ms.

Laramie of Converse County, | A fine skull. Hay, Fossil turties of North
Wyo. 'America, p. 83, 1908.

t. Hay, Am, Jour Bcl., 4th
18, p. 263, Pl

Laramie of Sevenmile Creek,
‘Weston County, Wyo., 3
miles north of Cheyenne
River and 40 miles north-
west of Edgemont, 8. Dak.

1

| Laramie of Sevenmile Creek

‘Weston Counti, Wyo., 3
miles north of Cheyenne

River and 40 miles north-

west of Edgemont, 8. Dak.

Lance Creek, Converse County,
Wyo.

t.J w River deposits, Mon-

A skull without the lower jaw.

Aoy
plutro

.

A fragment of a costal plate
and a portion of a t?ypo-
plastron or hyoplastron.

Complete plastron and part of
@ CATapace.
Plastron, carapace, mandible,

and some other material.

t. Fairly complete carapace
nndyphsm‘:l.

ser., vol.
XIT, 1904.

Hay, Fossil turtlu of North
yimerh p. 8,

t. Hay, Fossil turtles of North
Am,p 95, pls. 24-325,

t. Hny, Foesil m';f’g?;
4, 5, Tooe, P 85l
t. Hay, Fossil turtles of Nonh

o 1,3; taxtﬂu.ag;,

t. Aud. Nat. BcL Phila-
“aBhia

! 38,
1878, Ii-y, FPoeli

tartles of America,

p. 100, m&

t. Hay, Fossil tnrtles of North
America, p. 55, 1908,

Hatcher (U. 8. Geol. Burvey Bull 257, p. 77,
1905) says that the species is founded on
ample material.
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TABLE 6.—Geologic distribution of vertebrates in the Belly River, Judith River, Lance
1 2 3 4 8 e
"Hdl o«
Species. Belly | Judith | beds” | for- "’"éio‘:" mm Find Date.
a ’ mat er.

River Jor-|River for (Lance | mation, Black’ | ahoe for-

mation. | mation. Wy- Buttes, | mations,

tion), . | “Wy- |Colorado.

Montana, oming.
RHYNCHOCEPHALIA.
Champsosaurus annectens Cope. ....... X |5 SN FOUUORUN FUDURTORI SRR A, 1. Lambe............. }%' tesrenennca
Dawson. 1881.
eston. 1884.
2. Not given. *
éhsmpsoaaumbnvicdlh(:ope. ................. [ 3SR PO R AR, [, | R COPB e il
Champsosaurus profundus Cope. .......[.......... | 5 QN PR RPN MO A 2 Cope (?)........... 18
Champsosaurus vaccinsulensis Cope....|.......... 13 (R O P F 2 (N.cc..... T T,
‘Clmnpsonum ambulator Brown.....|..........fcccieeannn 1> G [RRPOUIS F R P Brown........cece.... 1002.......... .ee
Champsosaurus laramiensis Brown ....|..........|.......... 13 S O R Brown......cceeeo.... 1902....c..ceeee.
Champeosaurus 8pP........coevveeennnnee X feeerenaeocforaiianaas b S OO PO 1. Gllmore............|.ccuues ceereeceacs
SQUAMATA.
Chamops segnis Marah.................|....oooo oo oaaiios [ 5 S P R = (37,7, S I
Coniophis precedens Marsh............|..c..ooofeeieaniioraanenaas L5 G PO PR b2 0370073 SRR IR,
Iguanavusteres Marsh.................L.ooooidoiniai i [ 5 G P R Hateher.......oooeeieciinnaeannaaan.
CROCODILIDA
Brachychampea (Bottosaurus) perru- |..........|eeeceeeeeifoeenacenconeeaeideeeneaen, tX( |..... [ F N
gosa (Cope).
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(““Hell Creck beds™ and *‘ Ceratops beds”), and Denver and Arapahoe formations—Continued.

2. Judith Rgv; beds [Cl
tana, and Fox Hills -
tt’brmnum) rm&s

§::),&on of ~Judith

2. Judith River beds, Mon-
tana. .

2. Judith River beds, Mon-
tans.

2. Judith River beds, Mon-
tana.

Hell Creek beds, Montana.

nmmbd;,n&lcm,

loc.
clt.) sa t.hat the speci-
e s o
definition must & bet-
ter material from these
t2. A weathered axis centrum
immature individs
considered invalid by
Brown (loc. cit.).

t2. A sacral, a cervical, and '8
dorsal vertebrs believed
tobdonswthemmi-

uals. Considered v:lid by
Brown (loc. cit.).
2. One-half of a vertebral cen-

trum which Brown (loc.
clt) relers to the order
Plesiosauria.

Fairly complste skeleton.

Nearly complete skull and
skeletan,

1. Beds of Belly River Not given.
h’l‘wo Hodlclno’ !omstll;g]e,
fik , Mont.
4. Laramie de , Converse
County, Wyo.
Laramie of Wyoming. [Pre- | t. Maxillary bone hlnlng
sumably Converse County.) teeth; er parts
of the skull and skeleton,
including vertebre,
been found at dlﬁ
. localities.
b W . A vertebra, but several
Ceratops beds, Wyoming. o “ Eﬁu mﬁ
dlvidusl were found at the
same locality.
Laramie of Wyoming. [Prob- | t. Vertebre.

ably Converse County.]

6. Eastern

Colorado. |Cross,
U. 8. Geol. Survo

Mon,
the

Bnulsocommantby(} B.

Richardson under Adocus
, p. 128,

t6. Numerous fr?mmts with
vertebre and portions of

351, 1876.
Mus. Nat. Hht. lun
vol. 9, pt. 1, p. 6, 1905.

Acad. Nat. 8cl. Phil-
phia

, Acad. Nat. Scl. Ph!l-
elphit Proc., 28, p.
350, 1876. Brown, Am.
Mus. Nat. Hist. Mem.,
vol. 9, pt. 1, p. 6, 1905.

2. 03:' Acad. Nat. Sci. Phil-
1876, mown,’wl s
)(us. Nat. Hist. Mem.,
vol. 9, pt. 1, p. 6, 1905.

Brown, Am. Mus. Nat. Hist.

Bull., vol. L 23,p. 829, 1907,
t. Brown, m l(us Nat.

Bp- 4, 23—2‘§.1),l A’ . "
f,lk?f’oos

t.Brown, Am. Mus. N.t.
Mem., vol. 9, p

N ln-.'s
i n..,ﬁ"
2, p. 842
1. C. W.Gﬂmm oral com-
munication.

4. Williston, S8clence, new ser.,
vol. le,pp 952-963, 1902,

’

t. Marsh, Am. Jour. Bel., 3d
ser., vol. 43, p. 450, 1802,

t6. Cope, U. 8. Geol. and
Gag. Sumg Terr. Sev-
enth Ann. t., J’ 452,
1874. Hatcher, U. 8. Geol
ISW B 257, p. 82,

Locality and c
:‘mnnu given by ep.l:‘lmp“o-' m“m&f’n‘s"{:&w Authority and reference. Remarks.
Bell Blvet 1. A large number of verte- | 1. Lambe Canadian | 2. the
y % D, none of whlch were g '&))laogy, vol. 3, pt. 2, mscmz& I!otmndon], Cope t(ﬁ
58] can
Mﬂo Ry .y OD Bally wﬁm podt.lons. t2. , Acad. Nat. Sci. Phil- this gfmumstan?e it h tho most abun-
River; Ross near | t2. verte Téd concern- phia Proc., vol. 28, p. dant :oaall of the 5ud1 ver beds.” As
which Cope says he Am. the Judith River lomauon is now

known
to overlie socallsd Fox Hills oonlormnbly,
the occurrence is not remarkable.

L]
loc. cit.) says that C. is
m;nv‘s ) says brevicollis is

Hatcher (U 8. Genl Survey Bull. 267, pp- 81,
82, 1905) says of these s&elu wing to

fact tlnt meso Judith River forms are
known almost exclus

mém“?n A

s Kn Sottngion

dﬂcult it no le, to distinguish

+ the Judith le from one another
or from the later Laramie forms.” It has

The thot{po listed
ing to Marsh at different
localities. It is not certain that it all per-
same species
Relmedprovkhmn to this genus by C. W.
Gilmore. ’bo y de-
from the le(onmum has sinoe
us cana-

been referred by him to
densis Lambe.
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TaBLE 6.—Geologic distribution of vertebrates in the Belly River, Judith River, Lance

1 2 3 4 5 6
“Hell “ Lara-
. Creek Lance |mie” for-| Denver B
Species. Bell Judith | beds” for- mation, (and Arap-| Finder. Date.
River for-|River for-] sLnnoo mation, | Black | ahoe for-
mation. | mation. Wy- Buttes, | mations,
tion), | oming. y- |Colorado.
Montana. oming.
CROCODILID ZE—continued.
Brachychampsa montana Gilmore ....|..........0...c... .. tXx b, S PO P, t3. BrOWR ..ccoviiaeiifiieniaiinccnannans
Crocodilus humilis Leidy.........c.o.eeeeeen... | 5 S P, b S TN X 2. I%yden ..............................
\ 6. (1.
|
. 1
Crocodflus 8P.cc.cceuennnnniairiiacecinsfeaennecans|orcnnanes b SN R PR N Browh...ooccoeneninceconnncnecoannnes
Deinosuchus hatcheri Holland.........|.......... L e ] P Hatcher and Utter- | 1903.............
Leidyosuchus stembergl Gilmore......[.....c.c..cceeueen. tX b FUUUURUUU IUUPURRRI [ N ;... ;- J RN e
4. Sternberg. 4. 1910
Leidyosuchuscanadensis Lambe. ...... | 57 PO PN IR FRUURR H, Lambe................ 1897,1901........
DINOSAURIA,
Zapealis abradens Cope..........ccoeuefennnnnnnnn b S PO, b, S PR 2. (1) eecereannrocneec]icacecncacocnancs
tcher.
Troodon formosus Leidy............... X tX  |eeeeneanns b S PR . 1. Lambe............. L 1901..........
| 2 Ham
' 4. Hal .
Aublysodon mirandus Leidy. ..........[.......... X feeveeeeend] X e 2, HAYAOD ..ueerennenfenerennccannnreann
. X + Halmar:
i
Paronychodon lacustris Cope...........[.......... 25 G P PP
’
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(““ Hell Creek beds” and ‘‘ Ceratops beds”), and Denver and Arapahoefomnatiom—()onﬁnue&.

Locality and
g&&!t:ysgi 'ven by ep:umthg:‘s

Material on which determina-
tion is based.

Authority and reference.

Remarks.

3. Hell Creek beds, 25 miles
southeast of Llsmu, Daw-
son County, Mon

2. Badlands of Judith River
g‘udith River lonmtion],

m%mver, (&’1‘,‘:

ver formation (on p. 227)

Hell Creek beds, Montana.

t. Judith Rlvet Willow
Creek, M tmdel’](:ounty,

Mont., 3 miles west of No-
lan & Archer’s ranch (stage
crossing to Flat Willow),

3. Hell Creek beds, Gilbert

Bel.l{t Rlver sarles. Red Deer

2. Judith River beds, Mon-
4. Laramie beds, Wyoming.

1. Belly River serfes, Red
Dur River, below mouth
Creek, Al

of Berry berta.
2. Badiands of Judith Rliver,
4. Laramie of Converse Coun-
ty, Wyo.
Bndhnds of Judith River,
4. I.An.lnle of Wyoming.

Fort Union of Mantana. {Beds
now identified as Judith
River formation. ]

t3. The greater part of a skull.

t2. Ten specimens of shed
crowns of teeth.

4. Not given.

6. Not given.

Not given.

t. Several scutes, 2 vertebre,
1 cervical rib, 1 dorul rlb
fragments of "ribs an u-
bis, and several hun
fragments of bones belong-

to the skull, vertobne
ribs, all badly broken

t3. Greater part of skull.
4. Gmw\' of skull, left
lor part of right ot T m‘é
of nmus,
humeri,

vertebrs
ht fib tatarsal
"8 other'}r':'m?:ts

t. A left mndlbu;n ramus,
postu-iorpuno acranium,
portions of the skull, teeth,
and & number of vertebrse
and scutes.

Detached teeth.

2.
4. Numerous small teeth.

I.Mmthwhbh:igehh‘i

a”'thoeo de-
scribed by Leidy.

Several blematlealteeth
uded b
Le dyln h!stype of D

4. 'l‘eeth

t. Detached teeth with sub-
conic crowns.

t3. Gilmore, U. 8. Nat. Mus.
Proc., vol. 41, p. 297, 1912.

t2. Leidy, Aead Nat. B8ecl.
Philadelphia Proc., vol.

LWiﬂ)lshon Science, new
vol. 16, pp. 852-93,

. 8. Geol. Surve;
27, pp. 227, 627, 189,

6. Hmh
Mon.'27,

Brown, Am. Mus. Nat. Hist.
Bull,, vol. 23, p. 842, 1007,

t. Holland, Carnegle Mus.
Annals, vol. 6, p. 281, 1909.

t3. Gilmore, U 8. Nat. Mus,
l;rloc., vol. 38, pp. 485-502,

4. Gilmore, idem, p. 497.

Canada

t.hmbe,Rﬁ.Soe.
] ser. '01'1,

se0. 4, D- 319, 1907,

Ot:ge Aced. Nat. Bci.Phn-
d vol. 28,

4. Frutehor, . 8. Geol. Sur-
vey Bnll. 267, p. 84, 1805,

I.unbe, Contr. Canadian
, vol. 3, pt.

. 1
4 M«r 8. Geol. Bur-
vey Bnll. 257, p. 83, 1905,

t2. Leldy, Acad. Nat. Sci
hl.hdo hia Proc., vol.

s
s, Hatcher U 5. Geol. Sur-
oy DUl 287, s 1006,

t. Ozse AM Nat. Sc!.zlghﬂ-
P

4. “Teeth which can not be dhunquhhed from
those ot the t: have been found in th.
Lance of Converse Coun

Wyo.’)' (Onl statement by C.

2, Ot Leidy’s material Hatcher (U. 8. Geol,
urvey Bull. 257, tg 82, 1005) says: “The
simpl on which the species
was bued characters for the
tive ldontlﬂettlon of other material.”
fes, efore, seems to be of little

. Th terial from

Pferre formation, of Montana nfa (U. 8.
Geol. Survey Bull. 452, p. 48, 1911)

Lambe nys “'l‘he ]aw was originally de-
and the

cludes that all the material presen
%n&:nsp‘ech m he gives a new name.
B. 4 and C. lmnmt n ﬂ::PBell

River list of Lambe and Osborn.

4. Hatcher (loc. cit.) says: “The de-

nrlguon:gii;m ) 8: witho!?x?ﬁgurs,
renders

identify
any of the forms ol teeth known Eom these
deposits with those referred to by
his description. * * * Their exact na-
ture must, for the present at least, remain
uncertain.”

of tl(:ti? and the three era Hatcher

says: “ 'l‘he are IIY 76npsu82 lgusgz
Znt miterhl a3 to bo of little value

exeu';tr{u bearing evidence of the diversity
of the fauna.”

ing

2 Probabl with Deinodon
y w marks on that spechs.)

4. Hstcber (loe cit.) satzs “Similar teeth
common both e Judith River nnd

Hatcher (U. 8. Geol Survey Bull. 257, p.
%rds species as 8 syn
‘“&5«0 n mirandus. It seems prom)le,
that Deinodon horridus, Aublyso-
don miruudua. and Paron lacustris
R, e N
oy ), 88,
the teeth eeeribecP ‘regmb le
those which we h:ve relened to as the
probable lower incisors of Meniscoessus.’’
R E Getosy, voL. B . 720, 1612) has
y VO. a
includ od P. lacustriz in ponve'rssCoun ty
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TaBLE 6.—Geologic distribution of vertebrates in the Belly River, Judith River, Lance

1 2 3 4 5 (]
“Hell “Lara-
Species, Belly | Judth | bees | e |Tastion LndAup Finder. Date.
5 T - | mal .
River Jor-River for- (Lance | mation, Black ' | ahoe for-
mation. | mation. Wy- Buttes, | mations,
tion), Wy- |Colorado.
Montana. oming.
DINOSAURIA—oontinaed.
Deinodon horridus Leidy.............. X B 5 O 1. Lambe............. 1897,1901 .......
y 2. Hayden. 2. Not given.
Cope... 19 SN PR P P 1. Lambe............. 11 1808.....
Deinodon (Leslaps) incrassatus Cope. X >4 Y 807,
Deinodon (Aublysodon) lateralis Cope. . |.......... b, S FOUPRRRN IR I IO Sternberg......ccveeeifercennianannn.
Deinodon (Leslaps) explanatus Cope.. . X tX  feeeeeneens b, S PO A, ;. I;l)mbe ............. 1.1801..........
toher.
Deinodon (Leelaps) falculus Cope......|..cee..... 2 G O ) PO IsaACS. i iiiiienens]iineecennnnnaa..
Deinodon (Leelaps) hazenianus Cope....|.......... |2, GEE PO, b, SN PYSUREN IO 2. Notghven.........|.......covnennn...
(Lelags) pe  Hotden
Deinodon (Lelaps) lsevifrons Cope......|.......... |2, SN PO AN R R Notgiven.......ccoeeefeccccininnnnnnnnn.
Deinodon (Aublysodon) amplus Marsh {..........fceeeeecensfennenanasd] | 2. G PO Hateher..............)occiveeecennnan L
Deinodon (Leelaps) cristatusCope......[.......... ). S PO tX  feeeeeeiifieiinnaaas 3 No%c tven ... ...oieiiiiniiiiiiaL
. or.
Ornithomimus tenuis Marsh...........|.......... 1> G PO I o PR Hateher coooeviiiiiiiforeeeeneenennnanns
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(““ Hell Creek beds” and *‘ Ceratops beds”), and Denver and Arapahoe formations—Continued.

ty and stra ic

:Ilthnuglvenb ﬁ s mw&:‘;,'m‘f‘mm’ Authority and reference. Remarks. .
1. Belly River series, Red | 1. A number of teeth; a few | 1. Lambe, Contr. Canadian | 2. The uncertainty regudingtha material on
Deer River, phalanges and s metatar- Paleontology, ‘vol. 3,pt. 2, which Leidy founded the is shown by
2. Badlands of Judith River, sal are also probably re- 49, 1902. the fact that later (Acad. Nat. Sci. Phila-
Mont. ferred to this species. zw«:{ Aesd Nat. 8ci. Phil- del hlaProc for 1868, p. loe)heretened
t2. A number of teeth. f , vol. 8, p. the teethto a now genus and species
856. sbom m. m mirand! be

" “mow mng‘ﬁ'ﬁ Creek, Red
O
Deer River.
3. Judith River beds, Montans.

Fort Union beds, Montana.

1. Belly River serles,
Deunlver Albarh, Onn-

2. Fort Ui:‘m (Judith River)

4. Laramis formation, Wyo-
ming.

Fort Union (Judith River)
beds, Montana.

2. Judith River beds, Montana.
4. Laramie formation.

Judith River beds, Montana.
Ceratops beds, Wyoming.

2. Judm: River beds, Montana.
4 Converse County, WVyo (.

Judith River beds, Montana.

1. Sam:o%ethmdmmd
t2. fwotee of different siges

near each other but

Detached teeth.

1. One small tooth.
small tee
Teeth similar to those de-
Cope.

~p

y

Beveral teeth about half the
size of those
natus.

t2. Several detached teeth
from different localities.

4. Teeth similar to those de-
scribed by Cope.

Founded on a single tooth.

Founded on detached teeth
similar to those of Aubly-
mirendus, but

smaller. !

2. Detached teeth.
4. Teeth.

Part of a third metatarsal.

of D. expla-

s, Nt B Bull.,
vol. 21, p. 261, 1905.

1. Iambeé Othe;n Natunll.st
VOl
Camdfall: tology,

vol 3 pt.a
Acad. t Scl Phn-
., vol. 28, pp.

U. 8. Nat. Mus.

lu\g‘g' lIayi %, . 556, 1900,

Cope, Aeud Nat. Scl. Phila-
d' hia Proo., vol. 28, p.

,1
1. Lambe, Contr. Canadian
P:lemtology,vol.a pt.3,

1902,
&;pe Acad. Nat. Scl. Phil-
thmc,vol 28, pp.

1876.
4. Butcher,U 8. Geol. 8
Bull. 257, p. 886, ms.m
Acad. Nat. Sci. Phil-

t.
cﬁiﬂh Proo., vol. 28, pp.

Aetd Nat. 8ci. Phil-
Pl'oe vol. 28, p.

(.Katcher,U 8. Geol. Sur-
vey Bull. 257, p. 86, 1905.

And Nat. 8cl. Phil-

t c:?i;mh ., vol. 28, p.

t2.

t. Marsh, Am. Jour. 8cl., 3d
ser., vol. 44, p. 174, 1892,

whereas
) says that Leldy" first determi-
was correct and that the teeth used
at a lam date for the !ounduuon of the
m Anblysodon are probably the an-
teeth of Deinodon. Osborn concurs
in this view.

Two skulls from the Edmonton formation of
Knee H. Deer

muonu In 005
Osbom( m.llus Nst Hlst. Bull,, vol.
Albertosay-

21, Pp. 285)
hnwver the final dis-
ion it is evident
thoy do not ong to Lezlaps in-

2. Bawher(U 8. Geol. Survey Bull
1905) says:  These teeth are mb.bly%mm
fth:h:oﬂesln oha “h‘:tve f D
of some of D.
o represen!

Hatcher (U. B. Geol. S8urvey Bull. 257, p. u‘
1905) says that these teeth may represen
anterior teeth of D. explanatus.

2, Hatcher says that these teeth are common in
}he Judi
ormations. ppear
anterjor dentition of some of
orous dinosaurs, probably of

Hatcher (U. 8. Geol. Survey Bull. 257,1> 88,

1905) says: “It [tho tooth which consti-

tutes the type] is by the ab-
solutely smooth character of the anterior
edge, a character of doubtful value.”

Hatcher (U. 8. Geol. S8urvey Bull. 257, p. 84,
1906) says that mnh's A.amplusand 4.
cristatus “Ceratops beds’’ of Mon-

are not sufficiently charac
tinguish either genera or spec

2. Hatcher (U. 8. Geol. Survey Bull. 257,
1905) says that the teeth rese: ble
Troodon and possibly pertain to

us,
4 sog:l:emrh on D. amplus.



184 SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1914.

TABLE 6.—Geologic distribution of vertebrates in the Belly River, Judith River, Lance

1 2 8 4 8 [
“Hell “ Lara-
Creek Lance [mie” for-| Denver
Species. Bell: Judith | beds” for- | mation, |and Arap- Finder. Date.
River ¥or- River for-| shneo mation, | Black | ahoe for-
mation. | mation. Wy- Buttes, | mations,
), Wy- |Colorado.
Montana. 3
DINOSAURIA—oontinued.
Omithomimus grandis Marsh..........[.........feceeeiiideant, b S ORI ISR Hatcher ..............]-. [ ————-
Ornithomimus velox Marsh............[..c..ccoifeeeiiiai]eeniaann b G P tX 4. Hatcher............ 4.188%..........
Ornithomimus altus Lambe............ tX  feeeennn-.. b SN (R R . 1. Hateher............ 1.1901..........
3. Brown.
Ornithomimus sedens Marsh.......... [......... .o oo, [ U PR P 4. Hatcher............ 4. 1801..........
Ornithomimus minutus Marsh........{.........]..c...o ool [ 5~ QU RPN ORI RN [y eeerecnceiannan
Tyrannosaurus rex Osborn............|...ccooii]eeeinnnn.. X Jeeeeveeredereeneeo..| 8. Brown............. 3.1902..... PO
X 4. Brown, Sternberg. | 4. 1900.
Palmoscincus costatus Leldy........... X > N S, b, S RN IS be.............| 1. 1901..........
2. Hayden, Hatcher.
4. a{eher.
Palmoscincus sp ......... N X b, S P P 3. Brown.............|... eevescssasecene
4. Williston.,
Palmoscincus asper Lambe............. | > GEEEN FUUNURUON IO b, S PSRN RPN 1. Lambe............. L1901..........
4. Not given.
Palmoscincus latus Marsh.............|.....ooo ool [ 57 G RN Notgiven............feceeiieannns seeeee
Stereocephalus tutus Lambe........... b, S RN R DR U I 1. Lambe............. L1897..........
Nodosaurus textilis Marsh............. b.{¢9 I DRI I [ 22 S PO P, 1. Lambe.......... .| 1. 1897, 1808.....
4. Not given.
Ankylosaurus magniventris Brown.....|..........|[.......... b, S RPN PO Kajsen.......ccen..... 1908..ccceinneeas
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(*“ Hell Creck beds” and * Ceratops beds”), and Denver and Arapahoe formations—Continued.

4. Ceratops beds, Wyoming.
6. Denver beds, 'ann Moun-
tain, near ﬂmw, Colo.

1. Belly River series, below
Berry Creek, Red Deer

River, .
3. Hell Creek beds, Montana.
4. Ceratops beds, Wyoming.

4. Cera beds, Converse
County, Wyo.

3. Canyonof Hell Creek, Mont.;
north of Chcyem’:e River,
[ 1)

‘Weston County, gyo

4. Converse County, Wyo.
1. Belly River series, below
River , Red Dox
2. Judith ‘River beds, Cow Is-

. land, Mont.
4. Laramie formation.

3. Hell Creek beds, Montana.
4. beds, Converse
County, Wyo.

1. Belly River series, below
Dear Riyer, Canadn”
eer River .
Cretaceous of Con-

Ceratops beds, Wyoming.

River series, Red Deer
tver, Canada.

1. Belly River series, Red Deer
Canads.

4. Middle' Cretaceous of Wyo-
ming.

Creek, 120 miles northwest
of Miles City, Mont.

t. A% portion of 8
skeleton.

4. Not given.
6. Bones of the limbs and feet.

1 Comleu right hind limb,
including the toot{wtho
pianps i o bt
, & pu
Rn ischiutn.
3. Not given.

4. Nearly complete is
wlthyporﬂon%( the 5.'

4. A sacrum lete fschis,
mm,’m, and cau-
dal vertebre.

3. The larger part of a skele-
ton.

4. Occiput and brain case, der-
plates, and many
parts of the skeleton.

5. Nranced on single tooth
'ounded on &
discovered by Hayden.
4. Teeth of the same general
gomrn as that described
y Leidy.

3. Not given.
4. Not given.

1. One tooth.
4. Teeth,

A single tooth.

1. Portion of a cranium, scutes
part of a rib, teeth

iy and

1. R nted by upper part
of cranium u{d & number
of dermal plates, doubt-

to N. textilis.

8kull with two teeth, scapuls,
and coracoid, verte
ribs, and dermal plates.

4. Marsh, Am. Jour. 8ci., 3d
;gﬁ vol. 43, pp. 440453,

t6. Marsh, idem, vol. 39, pp.
81-86, 1880; U. 8. Geol.
Sy S, A
U. 8.’3061. '&iwy Mon,
7, p. 518, 1806.

t1. Lambe, Contr. Canadian
Paleontology, vol. 3, pt. 2,

Bp. 80,
3. Brown, Am., Mus. Nat.
gi;,t.hull., vol. 23, p. 843,

t4. Marsh, Am. Jour. 8ci., 3d
m vol. 43, pp. 451-452,

w oart., vol. 7 173-'3:'
vol. .
?ﬁo& Marsh, PP, Four,

Bcl., 8d ser., vol. .
i) X y “’w

t3. Osborn, Am. Mus. Nat.
Hist. Bull., vol. 21, p. 250,
19805; vol. 22, p. 281, 1906.

4. Osborn, Am. Mus. Nat.
Hist. Mem., new ser., vol.
1, pt. 1, p. 4, 1912,

1. Lambe, Contr. Canadisn
Paleontology, vol. 8, pt. 2,

y, Soc.
Trans., vol. 11, p. 146, 1800.
Hateber, U 8. Geol: Sur-

. Flatener, faean, & 20 1%

3. Brown, Am. Mus. Nat.
Hist. Bull,, vol. 23, p. 843,

4. Wmliton, Bclen new
s:o.é vol. 186, ppudm-m,

arsh, U. 8. .
Sixtesnth Ann. Rept., pf
1, 1896, p. 225.
t. Marsh, Am. Jour. Bci., 3d
ser., vol. 44, p. 173, 1892.

1. Lambe, Contr. Canadian
Paleontology, vol.3, pt. 2,
P- 55, 1902,

1. Lambe, Ottawa Naturalist,
vol. 13, pp. 68-70, 1899.
t4. Marsh, Am. Jour. 8ci., 3d

ser., vol. 38, p. 175, 1889.

Brown, Am. Mus. Nat. Hist.

}3&11‘., vol. 24, pp. 197-201,

Locality and phic
::tgﬂmbyﬁemth?:s Material on which determins- | - Authority and reference. Remarks.
4. Ceratops beds, Wyoming. | 4. Femur, tibia, and fibula | Marsh, Am. Jour. 8ci., 3d ser., | The type of this 1es has also been accredited
[Bee 'P;‘t.emnfs."]y from 'one skeleton and vol. 43, pB 440453, 1903 to the Judith River formation, but Hatcher
second metatarsal from Hatcher, U. 8. Geol. Sur-

loc. cit.) says that it was found in the Eagle
:(landatono

4. C. W. Gilmore sa; t is
probably referable to Oabom’sawm'rynnno-
saurus.

l.emmmbdhvedbylambetobdo to

species have been found at var
places by several collectors; m::?l‘ the
specimensmucnshlv«to\m pha-
langes from the Edmonton formation.

The imen originally described (op. cit., vol.
;Bl! {mperiosus is now in.
cluded n 7. rex.

Hatcher (loc. cit.) says: “Teeth of the same
gancglformand ttern as those described
and figured by y are common in the
Judith River beds and in the Laramie. As
mthey have only been found detached

t nothing s positively known of the
ture of the animals to which they
longed.”

§es

1. Hatcher (U. 8. Geol. Survey Bull. 257, p. 89,

1905) says tha! characters on which
Lambe based his detcmlnauonx:‘sfv be due
to:gaortothoposidonoowp by the
tooth in the jaw rather than to specific
distinction.

A specimen referable to this genus has also been
found by C. W. Gilmore in beds of Belly
iver age (Two Medicine formation) on

R
Milk River, Mont.

L.Ina WMI communication to the writer

C. W. Gilmore expresses the opinion that

. thespecimens referred by Lambe to Nodo-

saurustertilis were afterward made the type
of Stereocephalus tutus Lambe.
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TABLE 6.—Geologic distribution of vertebrates in the Belly River,.Judith River, Lance
1 2 3 4 [ (]
qul “”
Creek Lance |mie” for-| Denver
Species. wix Judith | beds” for- ion, Finder. Date.
River for- River for-| (Lance | mation, | Black |ahoe for-
mation. | mation. | forma- Wy- Buttes, | mations,
tion), | oming. Wy- |Colorado.
Mon 8
DINOSAURIA—continued.
Thescelosaurus neglectus Gilmore......|.......... ..o loeniaaaie. [ 5 SR RN I Peterson . _............ 1880.....cccunnen
t. Hatcher, Utterback.| t. 1801.
DINOSAURIA (CERATOPSIDE).
Agathaumas sylvestre Cope............|...o.oeeuifeeanniai ool [0 PP | > G Meek -.-cocenncnnnanne 1872.ccceee....
Agathaumas milo, syn. of Hadrosaurus |..........[c.cceeevefemoeenan]eaaanai]onnnnnnn, X1 |eenacercencennn [ R, ceeeceans
Socidentalis.
Dysganus (4 species) Cope.............|.. ceeeenee b S PPN ISR IR RPN Cope and Hayden. ... ceeveemeeecetecens
Centrosaurus apertus Lambe.......... L5 PO O ) P [ PO Lambe......... [ 901.............
Monoclonius crassus Cope..............L..... ... L O [ T 1876.............
Monoclonius dawsoni Lambe........... [ SRR OUTUR PRI AUV R AP Lambe......cc.cc...... L ) P
Monoclonfus sphenocerus Cope.........|.......... L2 O O ) P t. Sternberg.......... 1876.ccccnnee. ..
Monoclonius fissus Cope............c...|eeeacn.... X feeecrccnecficnnnaeec]ocenianeafitatananan Not gIven....ccoenee|eaninnennnnncnann
Ceral tanus Marsh............]oeeenens L3 O O PO ?) | t2. Hatcher........... 2, 1888..........
tops mon! X X() P
Oen(tgps )(Hunocloniua) recurvicornis '.......... 13 S FUUTUUN I, froeeeeenes t. Cope ........ ceeeann t. 1876..........
ope).
Ceratops (M lonius) canadensi X eeeeenenns ‘ ........................................ t. Lambe .....cccineeiifeciiaicecaniannann
(Lambe),
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‘“ Hell Creck beds” and *‘ Ceratops beds”), and Denver and Arapahoe formations—Continued.

Locality and

I sluonugl by enut.hg?.s M‘wt‘,’;‘n‘a’mm Authority and reference. Remarks.
| laneehmtm,lmcnek, t. A mﬁelmphu articu- | t. Gilmore, Smithsonian Misc. | Mr. Gﬂmnrehastoldthewﬂwmd¥
| County, Wyo. the skull Coll., vol. 61, No. §, pp. Creeimm at least. is pruentin the ‘Hell
‘eterson’s specimen], and and neck bdng the only 1-6,‘ 13. Lance formation) of Mon-
| Creek, Converse important parts missing.
County, Wyo. {type speci-

Near Black Buttes mtlon on | Nine vertebre, lnclud.lng Hatcher, U. 8. Geol. Survey | A. B Bchult;, of the United States Geo
Union Pacific R. R., south- perfect sacrum or- Mon. 49, p. 105, 1907. ugmthe opinion that the
emn Wym::n&ln the Bit- sals and caudals; both In which was found are ot

illac and other pelvic

bones,’soltl;: bom; ol&ho
3 and other

pu‘tsnotdehrmlned.

................... PR I o1 U. 8. Geol. md Cope says that the specimens came from Colo-

omd Terr. p:ndg,sbut does noptwgive their stratigraphio
%&,p «8, 1874 position.
Judith River beds. Teeth supposedly belonging to u.rv? Four specles of this genus were described b;
fmxlx)peclu.’ Bulf.257.p so ms oﬂ? After euo(ully revbwlnc all tho
i(on. 49, p. , Halcher says: "I‘meonvimod
o ?-‘.':%o‘i“ genus vas based cn testh belong
WO Or
T'nchodontidegmd in hﬁmﬂ?’t
stde [ : .In.thgbs‘:eoo!mﬂ
imens, e imperfect nal
ogthemwhl * 8 thohckotmy
figures or or sufficientl y exact dmit‘
* ¢ * T feel warranted in exclus 1
from the ble genera of the Cera-
topsidee.”

Bell Rivcrurhl Red Deer Lnieposurlorautu\dmul t. Lambe, Ottawa Naturalist, mmawhlonwhhhthhspechshlounded

& Canada. orn. vol. li, Pp. 81-84, 1004, referred to Momnoclonius dawsoné

t. Near the base of the Judith
River beds, near the
moutholnkchcmk,lb-
souri River, Mont.

Belly River serles, Red
Deer River, below ‘mouth
of Berry Creek, Canada.

t. Near Cow Island, Missouri
River, Mont.

Not given.

2. Near top of Judith River
,on Cow Creek, Mont.,
10 miles above its mou!

t. North side of Missouri River
ogposlte the mouth of Dog

t. Belly River beds, Red Deer
River, C below the
mouth of Berry Creek.

t. Teeth, caudal vertebre,
three the fore
limbs, Libls, lium , sacrum,
p.rlouls femur.

t. Part of a skull.

t. Portlons of premaxillary na-
sals and nasal horn.

t. Apmt pterygoid, ncom-

t2. Anoecigm oandylomda

t. Parts of the skull, including
the frontal and nasal horn

t. Part of a skull and a lowe
jaw.

Hatcher, U.

Bull 257,]).91 ms g
Geol. Survey

71, 1907.

Hatcher, U. 8. Geol.
Bull.ZW, p.-91,1905; U. 8.
urvey Mon. ‘49, p.
89, oY

Hatcher, U. B. Geol. Survey
Mon. 49, p. 87, 1907.

Hatcher, U. 8. Geol.
Mon_ 49, p. 81, 1907.

2 Mo 9. p. oo 10
on.

!?gh Am. gur dci. 3d

;gé.vol.so,pp.{ﬂ-ﬂs

Hatcher, U. 8. Geol. Survey
Mon. 49, p. 81, 1907.

nmhu U. 8. Geol. 8
Mo iy, 'p. %, 1907,
bon Cnmdhn
Paléonﬂology,vol 3,pt.2,
p. 63, 1902,

first to
by Lambe (Contr.Canadian Paleontology)
but a later study of the mwhl conv!
mhnﬂ;e that two speeis had been

Hatcher says that to the fragmentary
nstungl‘the m the species ought to
be discarded

e.mnh(op cit., p. 478) says: ‘“Remains of

mpmo or one nwl allied had
been found in Oolaldo," by G.
drlg U. 8. Geol. Burvey

p 183 um)( doubts the
determination

. Survey
des C. montanus in his list

vertebrates, but
heomits it from a list on page 527, which, but
for this one omission, is & duplicate of the
list on page 227. 1f the later list expresses
Marsh’s views C. montanus should be
excluded from thollst of Denverand Arape-
hoe vertebrates.
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TABLE 8.—Geologic distribution of vertebrates in the Belly River, Judith River, Lance

1 2 3 4 5 (]
“Hell “Lars-
Species. Bell; Judith | beds” for- l:'ni:;;om m Find, Dal
5 u n, er. te.
River for-River for-| (Lenos mation, | Black’ | ahos for.|
mation. | mation. Wy- Buttes, | mations,
tion), | oming. Wy- |Colorado.
Montana. oming.
DINOSAURIA (CERATOPSID.E)—contd.
Ceratops (Monoclonius) bellf (Lambe)..| tX |ecoeeoooiforiiiniaidinaneiiaiiainiii]eneenain, t. Lambe............. t.1808..........
Ceratops paucidens Marsh..............[......... tX e t. Hatcher............loieeniinnannians.
Polynoax mortuarius Cope.............foeeeeiefeeneniena]onnninoeenniini|eeneaaans 12, QP
Triceratops alticornis Marsh............|. ... oo foernnani e tX Cannon, G. L......... 1887...... aeeeenn
Triceratops horridus Marsh............|....oocoefeveeeiaiieiiaiiaen [ SR PR X . Onemsaﬁ C.A . ]ierienennnaaeas
tope Wilson, E. B.
Triceratops serratus Marsh.............|.....oooceeeaanaaa, X [ 5, SHN PO O 3. Brown, G, andLull |..................
4. Boocher, €. E.
Triceratops obtusus Marsh.............l.cocieiie]evennennnifeenannnns X eeeececaec]iecnannans Hatcher...oeeieeneeeiiveiiarancncanans
Triceratops prorsus Marsh.............|......... oo il | 5T R SRR A Hatcher............... 1880...ccecnnnen.
Triceratope brevicornus Hatcher.......[..........]..... ... X | 2 P 3. Brown ..c.ooeeniiifinniiiienaananaos
4. Utterback.
Triceratops sulcatus Marsh.............|..ccooeieii]ommnnnnand]cenient [ 5 G O P Hatcher.....c.ooeeeifieennnannnaniaes
Tri (8terrhol ) flabellat: ! t Hatcher
cerato, olophus US |.eveonncenforncsaccesfonaccanans D S P F BlCher...cvieeieceiferenicceecacnaans
Marsh. P :
Triceratops elatus Marsh...............|...cocoens [T heeeees 15 S FOUSUROURN S Hatcher. ....ooomemealomiciiaaaniaaaa.
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(‘“Hell Creck beds” and *‘ Ceratops beds”), and Denver and Arapahoe formations—Continued.

Locality and stratigraphic po-
slition as given by the authors
cited.

Material on which determina-~
tion {s based.

Authority and reference.

Remarks.

t. Belly River series, Red
Deer River, Canada.

of Judith River
Y , ear sum-
mit of about 20 rods
from a spring near the old
freight road from Judith to
en and about 12 mﬂes

from Judith post offi
from Bi-

Colorado. [Probabl
ou Creek 40 miles east of
ver (Cross, U 8. Geol.

Survey Mon. 27, p. 244,
1806).

g

t. Denver beds, banks of
Green Mountain Creek,
near Denver, Colo.

te.

tributary ot!visuc{o
l near Johnson Bros.’ aheep

ranch.
6. centops beds, near Denver,
Colo.

3. HeuCrukbeda,Hequk

canyon, Mont.
Mhsourl
t4. Cantops beds,
County, Wyo.
above mouth of
near Jacob Mills’s aheop
ranch.

fver.
Converse
3 miles

{ Dry Creek

Middle of Laramie, Converse
County, Wyo., 1 mile east
of Lance Creek and 2 miles
southeast of U-L ranch.

Ceratops beds, Womlnﬁ
aboutwoyai-dslroymloea1
ity for T. serratus.

3. Hell Creek beds, Montana.
4. Near summlt f Laramie

formation, C onverse
' County,

above tﬁp’vgngt'h and half

th of Lightning

Ceratops
?8‘.‘.%"1;..&"
creeks.

oty Vo, “"‘“’i‘é?
0., ON 8 I (]

‘between Byck Creek an:
Lance

Converse
divide be-
and Lance

Middle of Oenwpa beds, Con-

verse County, Wyo one-

lmmh ‘mile east of Lance

Creek, opposite mouth of
Lightning Creek.

The greater of the coa-
lgsced pa?lm

A left maxillary and premax-
illary.

t. Vertebrse and fragments ol
b boues Hateher (U

to
noﬂh%wn to he horn
cores.

A palr of supraorbital horm
. cores.

t4. The greater of a skull,
including the horn cores
and porﬂons of the lower
aws.

6. entary remains.

3. Skull. *
t4. A nearly perfect skull.

t. A portion of the skull and
jaws and vertebree.

t. A nearl peﬂect skull with
wer

3. Not given

LA ?imlysidm letepomn
and considerable
of the skeleton.

t. Fragmentary skull, lower
{a ,humems, several ver-
bm, a.nd other parts of

t. A nearly complete but dis-
articulated ull, asso-
ciated with several verte-
bree,a few limb bones, etc.

t. Left side of a skull,
complete, showing all the
important cranial charac-

ters; also lower jaw (de-
tached).

37183°—15——10

Hatcher, v, S Geol. Burve

gr 96, 19(;

pueonfol vol 3, pt.
3, p. 66,190,

Hatcher, U. 8. Geol. Survey

Mon. 49, p. 103, 1907.

Hatcher, U. 8. Geol. Survey

t.

Mon. 49, p. 112, 1907. Cope,

8. Geol. and Geog. Sur-
vey “Terr. Seventh Ann.
Rept., pp. 447451, 1874.

Marsh, Am. Jour. Sci., 3d
ser., vol. 34, p. 323, 1887,
vol. 38, p. 248 1880; U. 8.
Geol. Survey f(on 27, pB
512—527 1896.

8. Geol. Burve; u
pD. 104-115, 168 170, 1907

Hht Bull vol. l9,p 685

t4. Marsh Am. Jour. Sci., 3d

-

. Marsh, Am. Jour. Sci.,

. Hatcher, U.8

.Hauh Am. Jour. 8ci.,

ser., vol. 39
1890 natche'r,'ffs Gool.
Survey Mon. 49, p. 122,

. Marsh, Am Jour Sci 4th

e, “1888.
Bafchor, U, Geol Sur-
vey Mon. 49, p. 140, 1907.

3d
vol. 39, 81-86, 18%
Hatcher, U, Geol, Sur-
vey Mon. 49, p- 127, 1907.

. Brown, Am Mus. Nat. Hist.

Bull., vol. Zid) 8142s,1907
urvoy

Mon. 46, p- 141, 1907

3d
vol. 39 442, 1890.
naicher, "8 Geol. Sur-
vey Mon. 49, p. 133, 1907.

.MmhAmJourSeisd

"vol. 38
nafc\m, v
vey Mon. 49, p. 143, 1807.

.lhrsh Am. Jour. Sci.

. 265, 1891, nau-i:er,
T 5P Geol. Survey Mon.
49 p. 134, 1907,

* the in-
adequnte mtun of the material upon which
the genus and species were based. The
name should be droppod from paleonto-
logical literature

Hntcher égl%c cit.) says: "Cogo’s description

described as Bison alti-
Later (1889) he
enus Cerato)
says that
Triceratops

This species was
cornis by Mauh (1887).
transferred it to
Hatcher (op. cit.,, p. 11
affinities are a!nl
rather than with Ccntope.
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TABLE 6.—Geologic distribution of vertebrates in the Belly River, Judith River, Lance

1 2 3 4 5 [
“Hell *Lara-
Creek Lance |mie” for-| Denver
Bpecies. B‘uiw Judith | beds” for- mation, land Arap-| Finder. Date.
River for- River for- SLaneo mation, | Black {ahoe for-
mation. | mation. o ).- Wy- Bwtas, mations,
n), | oming. -
Montana. H 8
DINOSAURIA (CERATOPSIDX)—contd.
'rom-umshmslhnh. .................. L > G PO Hatcher ...ccceeeunncifonieinnnnncnnnns
Torosaurus gladius Marsh..............[.cccoieiidoiiiiiioainaaes 1> SEN PN R Marsh cooceeennneacfecrnatennnanannn.
Triceratops calicornis Marsh............[..cceceeeeenennnifenenniaa.. | > G R Hatcher ..ccoeeeeeniioeeninnnnenenenn..
Triceratops galeus Marsh.........ooo.ocfomnnniiidiiinnniiiiiiianiedereenneedinnennens tX Eldridge.......ccoceiifoenencnnacnenenn.
Diceratops hatcheri Lull............. .o oo | 2, N ISP Hateher ..cooceeeeai]oceeiieneanannnnn.
Manospondylus gigas Cope.............].ccoooioi ool D465 T ISR IO IR IR
Clswtsynchus trihedrus Copes..........[.......... b {42 T SN PN FEPURN MU RN RN
#tegoceras validus Lambe.............. 1> S O ) s PR Lambe ..c..cceanan... ﬁ .............
DINOSAURIA (TRACHODONTIDA).
Trachodon mirabilis Leidy............. X | 2. SH PO, b S PO A, . )+ TR
7 2. Hayden.
4. Hatcher, Wortman,
Hill

Trwhodon (Hadrossurus) breviceps |.......... 1 O o

(Marsh),
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(““ Hell Creck beds” and ‘‘ Ceratops beds”), and Denver and Arapahoe formations—Continued.

Locality and straf

Laramie of Converse County,
Wyo., on low divide be-
tween tning and Cow
creeks, about 1 mile dis-
tant from the mouths of
these streams.

of South Dakofa
bly also the
Converse

County, W

t. Laramie lsouthDa.boh.

vol c& &d 2, & 15,
l(onhnl

B%lv« nﬂ'lﬂ, Red Deer

1. Belly River series, near
mouth of Berry Creek, Red

Deer River
2. Badiands of Judith Rtver,
ont.
4. Converse County, Wyo.

t. Laramie [Judith Rivar for-
mat| 1:1& curpow Moun-

t. Two dorsal vertebrz, of
which only one can be

found now.
t. A rostral an en!
both of whlch g:gowhlgi.

Pt e L
men!
to two spechsm v

1. Numerous maxiils and
rami, some with teeth well
pteserved as well as a large

number of prlnclpal bones..

12, “8 ens of teeth,
ez-ns}‘;’:uch worn and gn
ntary condition.”
4. By Wortman and Hill, a
skeleum by Hatcher, a
skeleton.

Part of a right maxﬂl:n(? with
teeth well preserved.

t. Marsh, Am. Jour. Sci., 3d
:etl "vol. 42, ppP- aso-m,

80
Hatcher, U. 8. Geol. 8t
Mon. 49,p '153, ooz

Hatcher, U. 8. Geol. Surve
Mon, 49, p. na,mrl U.
Geol. Survey Bull. 257, p

96, 1905.
t. , Am. Naturalist, vol
, D. 757, 1802.

Hatther, U. 8. Geol.

Survey
Mon. 40, p. 114, 1907.

Bnohet, U 8. Geol. Burv:
p “’ l
éo Cansadian
Paagon{ology, vol. 3, pt. 2,
P

1. Lambe, Ottawa Naturalist,

vol. 13 1899.
©2. Leidy, ! pead Nat. Sci.
Proc., vol. 8,
g 72 l Hatcher, U. 8.
eo urvay Bull. §57, p.

¢ it Comot . A
n VO
1002 8cien ' m’nevw su-,'
vol. 12,p 719, 1900.

tl(arshAmeSci.ad

ser., ol. 37, g)
Hatcher Goot, B
vey Bulf 257, p. 97, 1905.

smonngivenby atttions mtdd‘(;:nv{’mbc‘h’&wmm Authority and reference. Remarks.
Ceratops beds, about 1 mile | t. 8kull with lower jaw, 11 | t. Marsh, Am. Jour. Scl. 4th
east of U-L ranch, which dorsal vertebre, several ser., "vol. 6, J) 92,
is at the junction of Lance ribs, pattol thepelvi.s and Hatcher ur-
and Dry , Wyo. other parts of the skeleton. vey Mon. 49,p 138, 1007.
An%:lhoebeds,nwnﬂghton, Nasal horn core. Marsh, Am, Jour Sel 3dser ser.s Hatcher (op. cit., p. 182) says- ‘The extremely
o. voi Up , { the material on
ur- which the leswssbnsed recludestho
vey l(on. 49, pp 132-183 iblm oldeﬂnlngitud untely LR
should be abandoned.”
Ceratops beds, Converse | t. A skull without the lower | Lull, U. 8. Geol. Survey Mon.
County, Wyo., 35 miles jaw. 49, p. 149, 1907.
southwest of the mouth of t. Hatcl er, Am. Jour. Sci., -
Lightning Creek. dot&ser, vol. 20, p. 417,
Ceratops , Converse | A skull without lower t. Marsh, Am. Jour. 8ci., 3d
County, Wyo., on the Posterlor part of parie ser., vol. 42, 268, 1801
north side of summuso!hornooxea,nnd Hstcher, U. 8. Flool Survey
Creek, about 2 miles above parts of maxillaries are Mon. 49, p. 150, 1907.
the mouth of the stream. wanting.

’s original material came from South Da-
kota, not from Montana. Hatcher,
U. 8. Geol. Survey Bull 2517, g‘ 06, 1905.)
Hatcher (U. on 49, p
114, 1907 aavs "A grhan
tebm still preserved with others from the

region in the vertebral column but
ggllonging tobmshlem of st:amlvorous .
osaur probably ponalnlng S0me Spe-'
cxea Drypmuums * = & Con-

. Coun ivl& * * % demon-

amus ooncluslvaly t the remains npon
which the premt:) genus and

based bel the T nthet
than the entata, and that it was there-
fore not & member of the Ceratopside.”

i i gy e ot

mepaidm. but he says that
in the absence of the type mwm the
smnlt;he can not be established with cer-

[y hltheno unknm rq)tﬂe,md that it will
mb.bly be found to belong to another

1. Lambe (loc. cit.) states that remains of this

;feciu have been collected by F. G.

cConnell from the Laramie [so-called] at
Scabby Butta{ on Red Deer River.

2. Hatcher (loc cit.) says: ‘It is scarcely mo—
sible to identify the various species of this

sums or the genn of the family [Tracho-

ontidee] from the teeth alone.”

4. In Schnco vol 12, Hatcher refers to finding
s skeleton of Claosaurus of which he de-
scribes the dermal covering but does not

the ific name. In the Carn
us. Annals, vol. 1, he credits Cope w
having first dmibed this eovu-ln
the same ionlu)
mirabdilis. "!!he assumptio b there(ore
ifled tgat ?sw%vu's Chlaoswms from
onverse County, 0. synonymous
with T. mirabilis. ¥

Hatcher (loc. cit.) sa;

;s that the teeth resemble
closely those of Lambe.

selwoyni
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TaBLE 6.—Geologic distribution of vertebrates in the Belly River, Judith River, Lance

1 2 3 4 5 ! [} !
« Hell “« ) . '
Creek mie” for-, Denver
Bpecies. Belly Judith | beds” |- for- mation, fand Arap- Finder. Date.
River for- River for-| slamo mation, lack | ahoe for-
mation. | mation. Wy- Buttes, | mations, i
tion), Wy-  Colorado.
Montana. oming. |
DINOSAURIA (TRACHODONTID E)—ocont.
Trachodon selwyni Lambe............. [ 5 S PO RN (RN R PO Lambe............... eeereneaan PR,
'
i .
Trachodon marginatus Lambe......... L O s PO Lambe ceucunennncanenet i ceteee e
Trachodon altidens Lambe............. " RN PR R PR (R Lambe. ceeeneniiiiii i iacree et
Trachodon longiceps Marsh............[..... ..ot | G U PO Hatcher .....coeeeeuiiennniinnnan....
Trachodon (Hadrosaurus) cidens |.......... EX(P) ecemermane]ennnnnnenc]ieemnaneddienaennnn Hatcher ...oocvveeeee]enennniennracannns
Marsh. pen
Trachodon  (Claosaurus) annectens |..........|.........|eceeeen.n. X Jeeeeninens X 4. Hatcher, Sternberg. | 4. 1891 ..........
(Marsh). 6. Not given.
TrachOdOn SP.....ccuuveeennenrenneonnlonianeonaslerennnnnns b SN PN AR PO, Brown....ccoeeeniiiiiiiiieiiienieans
Thespesius (Hadrosaurus) occidentalis |..........[.ccccooooi]oneeeaens. X eeeeeennns X 4. Bullins............. 4.1801..........
Leidy. ¢ ) t. Hayden.
Pteropelyx grallipes Cope..............|.......... L S O ) P Isaacs.........ccoeeeeen ) L7(. N
Cionodon stenopsis Cope............... [ 5 " CH PO RN MY PO DawsOn....ooaviiinnn fiiiiaiiaiiacaan.
Cionodon arctatus Cope. ... .e.oeveveensfoaeeianioviiniiinenniioeeiiiiiieneiiinnns tx Notgiven......cooveifeceeninannnannn..
Diclonius pentagonus Cope.............{.cceeeenen L Y N (RN Notgiven.....ceecees ooeereanninnaia.
1
Diclonius perangulatus Cope...........|[.......... [ G RPN R PR (. Notglven......cocee.fnaannnn. [
|
Diclonius calamarius Cope.............l.......... tXx ’ ........................................ Notgiven........cooofiiieieiininaaaann.
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(¢ Hell Creek beds’’ and ** Ceratops beds ), and Denver and Arapahoe formations—Continued.

Locality and hic
siit&n as given btmpauthop‘;s

Material on which determina-
tion is based.

Authority and reference.

Remarks.

Belly River serfes. [Location
not given.]

Baﬂihlrl‘!rvc suhsi Red Dec

Bdl%llsuver ssriu, Red Deer

Laramis of Wyoming.

Leramie of Montana.

4. Lgamieowonversecmmty,
6. Cenyu?rps beds, near Denver,
Colo.

Hell Creek beds, Montana.

4. Laramie of W ing.
6. Cmurpanear m, Colo.
t. ) rand River, Nebr. (N.

t. Judith River beds, near
Cow Island, Mon!

t. Fort Union (?) beds, near
Milk River near latitude
49° and between longitudes

112° and 113°.

Fort Union beds [Judith River
formation], Montana,

Fort Union beds ‘Pndlth River
tion), tans.

Fort Union beds {Judith River
formation], Montans.

Founded on teeth differin,
from those of 7'. mirabil
b being rounded oval
ve instead of terminat-
ing in a point.
Humerus, radius, ulna of left
fore lfmb, ammmu:.l and
halanges, ents o
geeth of onm!vidual
and various sam
skeleton found dissociated.
A left maxilla with the teeth.

A nearly perfect right dentary
bone.

A left mnlllu;{ nearly com-

lete and other por{ions of

4. By Hatcher—a nearly com-
lete skeleton.
Swrnberg—oneulyeom
plete
ot give:

Not given.

4, A nearly complete ckulland
skeleton.
6. Not given.

A considerable tion of a
skeleton wi t skull or
teeth.

t. Maxillary and teeth.

A tooth, two dorsal vertebre,

distal end of a femur with

the condyles well pre-
served.

Detached teeth.

Detached teeth.

Detached teeth.

of the

t. Lambe, Contr. Canadian
Paleontology, vol. s,glt 2,

g , 1902.
eol nrveyBuu.ﬁﬂ,p

Iambe Comr
vol s,%t 2,

8 7! 1002 atcher,
oo Survey Bull. é57

t. Lambe, Contr. Canadian
Paleontology, vol. 3, %t 2,

8 76, 1902. Hatcher,
eol Survcy Bull. 257, p.

Marsh, Am. Jour. Sei., 3d ser.,
vol. 39, pp. 422424, 1890,

t. Marsh, Am. Jour. Sci., 3d
* ser., vol. 37, p. 338, 1880.

4. Marsh, Am. Jour 8ci., 3d
8er. . 43, M
183, * Osborn.© - Science
i:ew ser., vol. zo,p 793,

6. Marsh, U. 8. Geol. Survey
Mon.'%7, p. 327, 1896,

Brown, Am. Mus. Nat. Hist.
Bull., vol. 23, p. 842, 1607.

4. llamh, Am Jour Sel., 3d

. 449-453,
IM Hatchet Am Jour.
Sci.,3d ser., vol. 45,p. 143,

Survey Terr. 8even
Ann. Rept,, Pg 432-466,
1874. larsh, 8. Geol.

Survey Mon. 27, p. 677,

1
t. Leidy, Acad. Nat. Sci. Phil-
adel fyhh Proc., vol. 8, p.
311, 1856.

t. Cge Am. Ns'.unlht, vol.
g 1880. Hatcher,
Geol. Survey Bull.

2S7,p 98, 1905.

Cope, Acad. Nat. Sci. Phila-
de hia Proc., vol. 28, p. 9,

British North
BoundaryComm.
Re&t ép 130, 1876 Hatch-
Survey Bull.

257, . 99, 1005

t. , U. 8. Geol. Survey
err Rept hvol 2, pp 57-
atch

t. Dawson,
Am

0581 us Anmls vol l,
P

t. Amd Nat. Scl Phil-
Cﬂﬁ:i ol. 28, g
253, 876 Hatch , UL
Geol Survey Bull, ?57, p.
99, 1905,

Amd Na'. Sei Phil-

d‘fm Hatch v, ”’B

Geol. Survey Bun 257,p
W, 1905.

Acad. Nat. 8ci. Phil-

fg ia Proc., vol. Zs.g
876. Batcher,U

Geol Survey Bull. 257, p.

99,

Hatcher (loo. cit. ) says that this species may be
a synonym of T. brevicepe.

Hatcbc (loc clt.) says that zhls
ing to ennt specla,
genm, jes, and even orders.

The only locality given is Montana. The foesils
msy have come from either the Judith
River or the Lance formstion, as Marsh
referred to both ast| elmmh.

4. Marsh described the Wyoming and Colorado
specimens as Claosaurus annectens.

E e Steb of the United States Geol
“xe?l m‘ho has recently mpped t?t
area, says that the Iorm'.hn is undoubt-
edly of y River age.

Concerning this and the mnext two sgeciq,
Hatcher (loc cit.) says the genus

erally considered as a synonym of 'l‘mcho-
don. In the absence of any figures it
doubtful if any of the sgeies are identl-
fiable withou'. access to

these are no longer determinal le in the
Cope collection, it would not be amiss to
drop the specihc names referred to this

genus.
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TaBLE 6.—Geologic distribution of vertebrates in the Belly River, Judith River, Lance

1 ] 3 4 3 (]
“Hell “Lara-
Creek Lance |mie” for-| Denver
Specles. Belly Judith beds” for- mation, |and Arap-| Finder. Date.
River for- |River for-| (lLance | mation, | Black | ahoe for-
mation. | mation. rma- Wy- Buttes, | mations, .
tion), oming. m- Colorado.
Mon oming.
AVES. '
Cimolopteryx rarus Marsh..........c.oiiieeeenalocanennece]eeennanens |2, SN PPN [ Hatcher.........coooifiiiiiiiiiiinnceens
Cimolopteryx retusus Marsh...........{ceceveeansferaenenc]oaaaniins L5 S FOUSUUUP R Hatcher. .......oooeaifemneininiannaaiet.
MAMMALIA,
Ptilodus prim®vus Lambe............. LS PO ) LN N Lambe................ 1901.....ccao..l.
Ptilodus SP..ceeeiiiinrnrnnneiaiiinaa]eeeeeaneesfeeanaaans b, S P PP [ Brown........coooonifeeeiiiiiiiiiiai,
Meniscoessus conquistus Cope..........|ceeneeeencfonanann. X b S PN . 3. Brown.............. feeeeeeeanceanaans
T 4. Hatcher.
t. Wortman. t. 1882,
Boreodon matutinus Lambe........... L5 I O e e Lambe, Hatcher......|..ccccceeaennnn.
Cimolomys gracilis Marsh...............|eeeeeeiied]ianenlonenaeaan, b, S PR FR Hatcher.......ccooeene|oceaiocnnananaan,
Cimolomys bellus Marsh................lccooiiioroaiiii]oeiinann. b S R PP, Hatcher..............]-eeeeeee [
Cimolodon nitidus Marsh . ..............lccceeeiin]ovniinniiifinennnens b S PR FER Hatcher.........coooeeeeennnnnnanen. P
Nanomys minutus Marsh. . .............[ccccceeiec]emniecnacfoeeaianaas b, S PSR Hatcher......ccccveeee|oceeriiacnaananand]
Dipriodon robustsss Marsh . .............|ccooeoeii]eiiiinaiifoneaianaas b S PO S Hateher.......cooevni]iccnaiiancnaaaaas
Dipriodon lunatus Marsh...............|cccceeieei]ovnnniiiifeniinnns b S PN ISR Hatoher.........ccooioviaieiecicecnenns
Tripriodon ceelatus Marsh. .............lcccooiii]oiiiaiiintfaniiiiie. b S PO Hatcher ..............]... ceccennsencoens
Tripriodon caperatus Marsh.............L..... .. .| ... ol b S PR AR Hateher ..............leeeeeeees cevnenans
Selenacodon fragilis Marsh . .........c..feeeeiii]erianinnee cinanaann, b S PSRN NP, Hatcher ...........ccoeeemeeicaeeaiannnn
Halodon sculptus Marsh.............o.ofeeeeeeia oo, b S N [, Hatcher ...... B RN
Halodon serratus Marsh..........cocoieeferenveeaicfoenaaaiddoiiiiiiii, b S O . Hatcher.............  ..... erecanccncsan
Camptomus amplus Marsh............. ..o foaaeiiiii]onaiiias b S PN PR Hatcher..............|cceeecacacacnnnnn
Dryolestes tenaz Marsh..........cooeeeeifoeeaniidoii i b PO Hateher............c. |oveeeeiiccnnnaens
Didelphops (Didelphodon) voraz Marsh...|..........\.cccoooo . loeeeeei.. S SR FOUURUN IEUURR HMCROT «eooeeeeeeeeeeeeeeneaaeans
Didelphops (Didelphodon) ferox Marsh. .|..........0.cccoceii]oieaiaaae, b, S PO, | .......... Hatcher .............leeeiiiicccnanaans
Didelphops  (Didelphodon) compttis |..........leeevuoideeiiiiil, X v, L HALCROT «oeneeeneneen veeeneneanenaacans
Marsh, |
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(** Hell Creek beds’’ and ** Ceratops beds’’), and Denver and A rapahoe formations—Continued.

lower molar is taken as the

type.

vol. 38, pp. 81-00, 1889.

Locality and s
ﬂtb:ly as given by eauthu's mt"“&‘,,‘g’m’“"m' Authority and reference. Remarks.
Laramie of Wyoming. A coracoid bone. t. Marsh, Am. Jour. Scl 3d
ser., vol. 38 P r'oot-
note), 1830, vo 4, p 175,
1892.
Laramie of Wyoming. A left coracoid. t. Marsh, Am. Jour. Bci., 3d
ser., vol. 4, p. 175, 1892,
lli Btvet mles, Red Deer | An im right mandible | Lambe, Contr. Canadian P:
and ramus with fourth eontology, vol. 3, pt. 2, p
premolar and first molar 79, 19032,
attached.
Hell Creek beds, Montana. Not given. Brown, Am. Mus. Nat. Hist.
Bull., vol. 23, p. 843, 1907.
3. Hell Creek beds, Montana. | 3. Not given. 3. Brown, Am. Mus. Nat.
4. Laramie formation. Lo- | t. Two molarsand a distal ex- kt hull vol. 23, p. 842,
cality not g;en. tremity of & humerus.
t. Laramie of South Dakota. 4. Coge, Am. Naturalist, vol.
p. 830, 1882.
Benﬁ River series, Red Deer By Lambe, a single tooth. Lambe, Contr. Canadian Pa-
, Canada. nwhet,sjaw 7e°omology, vol. 3, pt. 3, p.
’
Laramie of Wyoming. Anu molar. Am. Jour 8cl., 3d ser., | In Science, new ger., vol. 13, 'Ilo.lmnatchet
kg pper voﬁ 38, pp. 81 fsso says that all the L
him under the d!recthn eune
Laramie of Wyoming. An upper molar. Marsh, Am. Jour. Sci., 3d ser., from Converse County, Wyo. Hence all
voiss,pp 8-90,1880 :E:lfueoe:dlngspechsm gen-
ocality.
Laramie of Wyoming. An molar, Marsh, Am. Jour. 8ci., 3d ser. The 17 genera and 28 species whose
v upper vol. 38, pp. 8i-90, 1889, names are printed in itallo in the list
s}t:ken from ) have, accor: to Os-
Laramie of Wyoming. A number of very minute | Marsh, Am. Jour. 8ci., 3d ser., rn (Am. Naturalist, vol. 25, p. 609, 1801)
teeth, of which a single vol. 38, pp. 81-90, 1880, been reduced to “ four or five geners, one
tooth is taken as a type. which can now be well d (Meniscoes-
sus), while the remainder are probably
Laramie of Wyoming. A left upper molar. Marsh, Am. Jour. 8¢i., 3d ser., distinct genera, whleh we my be able to
vol. 38, pp. 81-90, 1880, define by the soquls! more material
. S&‘“‘““"’D elpho deImoleates)
Laramie of Wyoming. A first or second molar. Marsh, Am. Jour. Sci., 3d ser., ere is no question the mqioﬂty of
vol. 38, pp. 8190, 18%9. the remaining_generio symo-
yms, although i a::to po&slble
Laramie of Wyoming. An_ upper molar. Several | Marsh, Am. Jour. 8ci., 3d ser., some olthot
lower molars were found vol. 38, pp. 81-90, 1880, don and Ped; mya mybeloundwropte-
with the type, but the as- sent distinct or new genera.”
soclauonmybemidon- remaining species of the list have
tal. beenreviewed by the same writer (Am. Mus.
Nat. Hist. Bull., vol. 5, p &mu-,m 1863),
Laramis of Wyoming. A lower incisor, associated | Marsh, Am. Jour. 8ci., 3d ser., vith aco nsiderable reduc
with other Incisors and vol. 38, pp. 81~90, 1889. of genera.
other teeth in various l-‘rom Osborn’s reviews, cited above, it
states of preservation, appears that many ol Marsh's specles m
m blished on inadeq
Laramie of Wyoming. An upper fragmentary molar. l(arshiAsgl Jougl %L E&m , and that the list should be grently
vol. 38, pp. s
In 'y mmunication to the
Laramie of Wyoming. Fourth premolar of the lower | Marsh, Am. Jour. 8ci., 3d ser., | writer J. Gldleyrelm 120Mhesespeeies
jaw.  Two incisors, prob- vol. 38, pp. 81-90, '1889. | to Ptilodus and 7
ably from the same s, nt.a.us thnt7muncemln leav!ngﬁspeciea
cles, are also represen! | srobably de correctly by
Laramie of Wyoming. A lower molar. Marsh, Am. Jour. 8ci., 3d ser.,
- vol. 38, pp. 81-90, 1889,
Laramie of Wyoming. A scapula, with which are as- | Marsh, Am. Jour. Scl., 3d ser., .
sociated several parts of 8 vol. 38, pp. 81-90, 1889,
skelewn and fragments of
teeth
Laramie of Wyoming. A lower jaw which does not | Marsh, Am. Jour. Sci., 3dser oy
show the number or form vol. 38, pp. 81-90, 1889,
of the teeth
Laramie of Wyo! . Several teeth and of the | Marsh, Am. Jour. 8ci., 3d ser.,
mlug Seeloron. 0 Pers vol. 38, pp. 81-90, 1859,
Laramie of Wyoming. A number of teeth, of which | Marsh, Am. Jour. 8ci., 3d ser.,
the lower molar is taken as vol. 38, pp. 81-90, 1889,
the type.
Laramie of Wyoming. Several teeth, of which the | Marsh, Am. Jour. Sci., 3d ser.,
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TABLE 6.—Geologic distribution of vertebrates in the Belly River, Judith River, Lance
1 2 3 4 ] [
‘“Hell “Lara-
Creek Lance |mfe”for-| Denver
Species. Bell Judith | beds’” for- mation, [and Arap-| Finder. Date.
Riverfor- |Riverfor- §Lsnee mation, | Black |ahoefor:
mation. | mation. | forma- y- Buttes, | mations,
tion), | oming. Wy- [Colorado.
(Montana. oming.
MAMMALIA—continued.
Chmolestes incisus Marsh................ ..o fooioiiiifeaianaa, ). S O Hateher.....o.oooeeeifeciainaaennnne...
Cimolestes curtus Marsh........oooooofoiiiia oo b, S S P h:C370 7. S PO
Pediomys elegans Marsh. . ..............|......oo oo il ). S NN R Hatoher..oooooenniee]oeeniiecaannnennns
Cimolomys digona Marsh..............f....cooooiiaiiii]onnnnann, b, S PO PO, Hatcher....ooooviiii i |onaacniaannnann..
Selenacodon drevis Marsh. ............. ..o feeaicl i, D S R P Hatcher ..coooeeiiiiifoiininnnncnnan.
Stagodon tumidus Marsh................ ||l b, G PR EOUR N Hatcher ............ovniiiomaiiaann..
Stagodon nitor Marsh . .........c.oove]eeiiiniiiforeaniiiieanats b, S IR S Hatoher.....c...oooiommenninnnninann.
Stagodon validus Marsh. ................l...oo oot b G RN S Hatcher .............]cceeiieennnieannn.
Oracodon anceps Marsh...............o]oiiiiiiioviiniiii)oeanao b, S R FPN Hateher .........ooooeeemiiecnnaaan..
Oracodon conulus Marsh. ... ... ... .l |, b, S PN Hatcher ..o fiiammmennninnann.
Allacodon Ientus Marsh. ..ol ool b S PO P, Hateher .............|oeeeiiiinacinen..
Allacodon fortis Marsh. ................f...oooooo ool b S PO P, Hateher ... feeieeiiiiiiinaanns
Allacodon pumflus Marsh . .............looiifiiiiiiii ] ianiaa. b, S (R Hatcher .............. [P TON
Allscodon rarus Marsh...........coeuu.|ooeeeeeeesooneees|oeeeeenn. DY IO R Hateher .............. eeeeeereeereen—aa
Halodon formosus Marsh...............|oceoeeiienenaiiaeanaaes b S R R, Hateher ...o.oooooo o ivniiiniaaiaiaas
Cimolodon parvus Marsh..............coooeien oo b S O Hatcher..............l.cecune [
Cimolodon agilis Marsh................|..ccoooo ool b S FOUOPI I, Hatcher...oooovnoeefenemiiennninaanns
Telacodon preestans Marsh .. _........ . J.....oooioeiiiinneifaannaaaan, b S PO RPN Hateher ... fiiiiiiiiniiiiaans
Telacodon levis Marsh.................loooeciii i foanieanaas b, SN RN R Hatcher ............ofveeiiainennnnane.
-
Batodon tenuis Marsh...........ccoofoeiieiiifoeaiiiinoiniaanaa D, S R FPO, b2 €370, 1) N PR
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|

Locality and stratigraphic po-

sition as given by theauthors mw&':n'g‘mm Authority and reference. Remarks.
|
Laramie of Wyoming. Several teeth in a good state of | Marsh, Am. Jour. 8ci., 3d ser.,
Freservnﬂon of which the vol. 38, pp. 81-90, 1889,
ower molar {s taken as the
type. :
Laramie of Wyoming. A molar with several other | Marsh, Am. Jour. 8cf., 3d ser., °
teeth. vol. 38, pp. 81-90, 1889,
Laramie of Wyoming. An upper molar and other | Marsh, Am. Jour. Sci., 3d ser.
yo torth, vol. 38, pp. 81-90,1889.
Laramie of W yoming. A number of remains, of which | Marsh, Am. Jour. 8ci., 3d ser.,
an u; molar_is most vol. 38, pp. 177-180, 1880,
characteristic and is taken
as the type.
Laramije of Wyoming. An np&er molar with other | Marsh, Am. Jour. 8ci., 3d ser.,
teeth. vol. 38, pp. 177-18D, 1889,
Laramie of Wyoming. A premolar attached to a por- | Marsh, Am. Jour. 8ci., 3d ser.,
tion of the maxillary. vol. 38, pp. 177-180, 1889.
| Laramje of Wyoming. Several molarsand premolars. | Marsh, Am, Jour. 8ci., 3d ser.,
! vol. 38, pp. 177-180, 1889,
f Laramie of Wyoming. Anterior part of right lower | Marsh, Am. Jour. 8ci., 3d ser.,
jaw. vol. 43, pp. 246-261, 1892,
| Laramie of Wyoming. A number of premolars. Marsh, Am. Jour. Sci., 3d ser.,
vol. 38, pp. 177-180, 1889,
l Laramie of Wyoming. A single tooth. Marsh, Am. Jour. 8ci., 3d ser.,
vol. 43, pp. 249-261, 1892
l Laramie of Wyoming. An up molar and other | Marsh, Am. Jour. Sci., 3d ser.,
teeth, several of which vol. 38, pp. 177-180, 1889,
were found together.
Laramie of Wyoming. Entire u] series of molars | Marsh, Am. Jour. Sci., 3d ser.
{ v and gﬁ’gm. vol. &3, pp. 249-261, 1803,
Laramie of Wyoming. Several teeth. Marsh, Am. Jour. 8ci., 3d ser.,
vol. 38, pp. 177-180, 1880,
| Laramie of Wyoming. A few isolated molar teeth. Marsh, Am. Jour. 8cl., 3d ser.,
: vol. 43, pp. 249-261, 1892,
|
Laramie of Wyoming. A fourth premolar. Marsh, Am. Jour. 8ci., 3d ser.
l ¥ P vol. 38, pp. lﬂ-lsb, 1889,
Laramie of Wyoming. Isolated remains, including | Marsh, Am. Jour. Sci., 3d ser.,
the anterior goruon of & vol. 43, pp. 249-261, 1802.
lower jaw with incisors in
place.
Laramie of Wyoming. Left lower jaw with one molar | Marsh, Am. Jour. Sci., 3d ser.,
in place. vol. 43, pp. 240-261, 1802.
Laramie of Wyoming. A lower jaw, also a lower molar | Marsh, Am. Jour. Sci., 3d ser.,
with other specimens. vol. 43, pp. 249-261, 1892.
Laramie of Wyoming. A right lower jaw, containing | Marsh, Am. Jour. Seci., 3d ser.
yor mola’mlﬁplaee; ade- vol. 43, pp. 249—%'1, 1802.”
tached upper molar and
fremolu also referred to
his form.
Laramie of Wyoming. A lower jaw with canine in | Marsh, Am. Jour. Sei. ser.,
place and several other vol. 43, pp. 249-261, 1892
specimens,
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Exclusive of the. mammals 135 species are described. In Table 7 are brought together
for convenience of comparison all the forms given in Table 6 which have been reported to
occur in more than one of the formations involved (the ‘“Hell Creek beds,” Lance of Wyoming,
and Denver and Arapahoe being considered collectively as ‘‘Ceratops beds’’). Table 7 there-
fore shows at a glance the forms common to the Judith River and Belly River, to the Judith
River and “Ceratops beds,” to the Belly River and ‘‘Ceratops beds,” and to all three of these
formations. It also indicates forms whose specific identification for certain of the formations
is in doubt. . '

TABLE 7.—Species common to two or more of the formations represented in Table 6.

[Specific names in italic indicate doubt as to specific Identit{&l the (onn tmm that formation. For basis of doubt see Table 6, columns

]

Judith River formation. ““Ceratops beds.”’s

Acipenser albertensis.
.| Diphyodus irostris.
isosteus idotus) occiden
llgdaph: gipcrmu ) falis.

Bcapherpeton tectum.

ton tectum
Plesioawrh (total species 3):

Chelonia (tot.nl
Adocus li

Ischyrosaurus antiquum.
Adocus lineolatus.

| Wl fovetua.

Crocodilia (total species 6):
Dinosauria (total 74
( spechn ):

Crocodilus humilis.
.| Troodon formosus.

.| Deinodon hazenianus.
. Aublyaodon mirandus.
is abradens.

mhbﬂis.

o b’l'lhe&tarm “Ceratops beds”’ fs here used to include ‘ Hell Creek beds,”” Lance formation of Wyoming, and Denver and Arapahoe formation
of Table

The forms reported to be common to the ‘“Ceratops beds” and one or both of the other
formations are classified as follows:

T 4
Amphibis. ... iiiiiiiiiieeeeeieeaeeaaa., 1
D g LT 10T YT 5 T 1
107 1T 1 1 3
Dinosauria (only one of which is a ceratopeian)...........oo il 12
Crocodilis. oo e ottt iieiiiieiieiecieeceeeieieaeaeaa.s 1

The distribution of these species according to geologic formations is as follows:

Pisces.—Out of 9 species described 5 are common to the Belly River and Judith River, and 4 of these are also
common to the ““Ceratops beds.”

Amphibia.—Of 5 species described there is but 1 that occurs in more than one of the formations, and that 1 is
common to the three formations.

Plesiosauria.—Out of 3 species described there are none common to the Belly River and either of the other for-
mations and only 1 common to the Judith River formation and * Ceratops beds.”

Chelonia.—Out of 29 species described 3 are common to the Judith River and Belly River, 2 of which are also
common to the Lance, and only 1 is common to the Judith River and Lance and not found in the Belly River.

Rhynchocephalia.—Out of 6 species described 1 is common to the Belly River and Judith River, and none are
common to either of these formations and the Lance.

Squamata.—No species in common.

Crocodilia.—Of 8 species described 1 is common to the Judith River and the Lance, and none are common to
either of these formations and the Belly River.
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Dinosauria.—Of 74 species described 6 are common to the Belly River and Judith River, 7 are common to the
Belly River and Lance, and 9 are common to the Judith River and Lance.

Table 8 is introduced for the purpose of showing in a concise way those forms whose spe-
cific identification for the localities indicated is doubtful.

TABLE 8.—Species whose identification, from certain formations, is based on inadequate material.
[The typo_o.l the species may or may not, however, be based on adequate material.]

Denver
Bell, Judith forma-
Spect River | River | cHell | p | and Material.
forma- | forma- | g0y, |Converse| , 0" " (See also “ Remarks,” Table 6.)
tion. tion. " | County, | nations.
‘Wyo. .
Pisces:
Acipenser albertensis X Dermal shield.
Ceratodus eruciferus X . Fm& of cranial bones .and s dentigerous
todus h! X .| A dentigerous plate
Diphyodus l X .| A jaw with teelt’h scars.
Hedronchus X The crown of a young tooth.
z:ms(upﬁ;lm) occidentalis. X § A few scales, which Hatcher are insufficlent
lgpl 8!
Mataphs bpatits x| x R .
us bfpartitus..............| X | X feeeeaeo... X feeeeeeannn oW S| e w)
yledap Hstcherl;ays are too simple to ﬂmtl?} either
genera or species.
Cimoliasaurus magnus............... X feeeemmeendfeeee e e Seversl vertebrm, which Hatcher says may pertain
another genus and species; lny:omoyrspectu
tho resemble Inlgouw
Ischyrosaurus antiquum. ...........|.......... b, G PR PR N Enlemm which Ha! hern&mybolon;
to another gmus the material incomplete
for accurate determination.
Adocus lineolatus. .................. D G O Imperfect fragments of costals, nprded by Hay as
X , inadequate for ldcntlﬂe- v
‘Basflemys imbricaria................ b S R . | N Three clm, probab) ngdod as very
unsn te b
Aspideretes beecheri...................[.......... X eeeeeeens (ISR IS of wh hn.y ik memun
observedw h distinguish them from 4.
itis gg: ﬁi:prob.bb, however, that they bolong
t species.
ideretes (Trionyx) foveatus......[|..........|eeceeennn. X feeeneeenns X Dmver imen to A. beecheri.
Aspiderstes (Trionyx) The ol Croak » spachimens consist of 3 neiat
and portions of of which Bﬁr says: “Had
y been found Judith River depoesits,
they would withou! ftation be ref: to 4.
. Perhaps only the finding of a complete
shell of this ‘ Laramie’ form will settie the ques-
tion involved.”
A single vertebra of an immature Individml Bar-
num Brown says the species is invalid

fmn Judith River was founded on the crowns
hmwhioh Hatcher says furnish no characters

ve identification of other material.
The tﬂn from Judith River is founded on a slnglo
toot] tcher regards the material as insuf-

ficlent.
Small teeth, which Hatcher nylennnot be cer-
tainly identified with the t

.| Two tecth. which Hntchcrn robably belong to
D. horridus. v P ty belong

Detached teeth, which Hatcher says may he ante-
rior teeth of D. natus.

Detached taeth which Hatcher says may be ante-
rior teeth of D. natus.

A nsl:lglz tooth, regarded as of doubtful value by

er.
Founded on testh which Hatcher says do not afford
characters for either generic or specific distinc-

tion.
Detached teeth, which Hatcher says do not afford
characters for either generic or specific distinc.

- tion.

Tyg:. a single tooth, of which Hatcher remarks
that the ¢ mlgmdtoltmybeduoto
age and not to specific differences.

Part of cranium, at first doubtfully referred by
Lambe to this species, but later to Stereocephalus

tutus.

Genus nndfour fes founded on teeth ining
ﬂpu‘tto ‘eral idleandhponto hodon-
t the genus as unrecog-

A rlght pterygold 80 fragmen that Hatcher
the specle should be d h:g
remrdst e determination as a case of mistaken
identity. Mamh, to whom the determination is
attributed, does not include it in his last lbt of
vertebrates from the Denver Basin. (See “ Re-
marks,”” Table 6.)
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the Belly River and Judith River forms are more primitive than those occurring in the Lance.
These conclusions are adequately expressed in the following quotations from Osborn and
Hatcher. Osborn® says:

It soon appeared to the writer, in the study of the fine collection made by Mr. Lambe, that the Belly River
vertebrates of the Northwest Territory were of decidedly different and apparently of older type than those from the
Laramie beds of Converse County, Wyo., described by Marsh, and were rather to be compared with those described
by Leidy, Cope, and Marsh, from Montana, chiefly from the Judith River beds, a region by no means distant geo-
graphically. * * * .

There is thus very little in common between the Belly River fauna and the Laramie fauna of Wyoming and
Colorado, so far as described, except the dinosaur Ornithomimus and the very persistent chelonian Baena. Most of
the dinosaurs will probably be found to be separated generically.

On the other hand, so far as known, the Montana fauna has much in common with the Belly River, especially
the Testudinata, Iguanodontia, and Ceratopsia.

Hatcher’s- conclusions ? are in part as follows:

When considered in its entirety, the vertebrate fauna of these beds [Judith River] is remarkably similar to

though distinctly more primitive than that of the Laramie. * * *
’ It is in the Ceratopeidse more than in any other group that we are at present able to contrast the Judith River
and Laramie forms. * * #* The primitive nature of the Judith River Ceratopside, as compared with the Laramie,
is especially seen in the smaller size of the individuals, the less perfectly developed armature of the skull, and the
imperfectly developed parietal crest. * * *

Briefly, the Judith River fauns, it is clear, is descended from the Jurassic and is the direct ancestor of the
Laramie. Its relations with the former are not close, and several groups are absent in the one which are present in
the other. Its relations with the Laramie are much closer, as should be expected, considering the stratigraphic
position. With one or two possible exceptions, all the families represented in either of these two later deposits are
present also in the other. Although several genera and species now appear to be common to both these formations,
it is probable that when more perfect material is available they will be found, in most instances, to be quite distinct,
though some pertaining to more persistent types may prove to be identical. In every case where any group of the
fauna has been studied from sufficient material it has been found to be represented by distinctly older and more
primitive types than the related forms from the Laramie.?

In a personal communication to the writer C. W. Gilmore, of the United States National
Museum, says: ‘

The more we come to know these faunas the more evidence there is that the Belly River and Judith River
speciee are distinct from those of the Lance formation. If the fauna of the Belly Rivér and Judith River were known
from more adequate material, instead of the fragmentary material now at our disposal, the apparent conflicting evi-
dence would no doubt largely, if not entirely, disappear.

A study of the lists of vertebrates reported from the formations under discussion renders
one of two conclusions inevitable. Either the vertebrates are of little value for close time
correlation or the identification of the stratigraphic horizon or of the material is at fault. As
shown in the “ Remarks’’ column of Table 6, many of the identifications have been made on
inadequate and insufficient material, and in this connection the comments of so eminent an

" authority as W. D. Matthew,* which have appeared in print since the tables of this paper were
prepared, are of special significance. Matthew says: :

Deinodon Leidy is determinable as to famlly but is not determinable generically, as the genera of camivorous
dinosaurs are now distinguished. The same is true of a whole series of genera and species described by Leidy and
Cope from the Judith River. The treatment of types and referred specimens of these genera by paleontologists as
specifically distinguishable or identical has sadly misled Dr. Peale in his recent discussion of the vertebrate evidence
a8 to the age of the Judith River beds, leading him to present as conclusive evidence of identity in age a correspond-
ence in fauna, which to those who know the nature of the specimens on which the lists are based isno evidence at all.

It is also possible that there was a confusion of stratigraphic horizons, especially in the
assignment of the earlier collections, and until the type area of the Judith River formation

(from which most of the vertebrate remains ascribed to that formation have been collected)
is mapped in detail on an adequate base of large scale it can not be asserted that all the species

10sborn, H. F., Distinctive characters of the mid-Cretaceous fauna: Contr. Canadian Paleontology, vol. 3, pt. 3, pp. 7, 10, 1902.

2 U. 8. Geol. Burvey Bull. 257, pp. 101-103, 1905.

3 Osborn and Hatcher here used the term “Laramie” for the formation which the United States Geological Survey now calls the Lance.—
C.F.B.

¢ Matthew, W. D., The laws of namenclature in paleontology: Sci , New ser., vol. 37, pp. 788-792, May 23, 1913,
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attributed to the formation really belong there. The extensive faulting that has disturbed
the strata along Missouri River renders it possible, though it is not extremely probable, that
blocks of the Lance formation may be faulted down among the beds of Judith River age and
that some of the vertebrates collected by Hayden and others “from the badlands of the Judith”
may have been obtained from the Lance formation instead of the Judith River formation, as
they supposed.

SUMMARY AND CONCLUSION.

The stratigraphic and paleontologic evidence as to the position and age of the Judith
River formation has been presented in the foregoing pages. It is shown in the discussion of
the stratigraphy that the Judith River formation has been traced from areas where its position
beneath the Bearpaw shale is undisputed into the western part of the type area (namely, at
the mouth of Judith River) and has been found to be identical with the Judith River at that
locality. It has also been shown that at some localities along Missouri River, especially on
Cow Creek, Stanton and Hatcher found the Judith River formation overlain normally and in
flat-lying attitude by the Bearpaw shale, though over most of the area along Missouri River
the Bearpaw has been completely eroded. Similar stratigraphic relations bstween the Judith
River and Bearpaw have been observed by the writer between Missouri and Milk rivers in the
area lying east of the Bearpaw Mountains.

The paleontologic evidence shows (1) that the marine sandstone of the Claggett formation
immediately underlying the Judith River formation at the mouth of Judith River is no more
closely allied to the Fox Hills proper than to the underlying Eagle sandstone, and therefore
the argument that the Judith River formation overlies the Fox Hills is unfounded; (2) that the -
flora of the Judith River formation, so far as it has been determined, is of Montana age; (3) that
the invertebrates of the Judith River formation are more closely allied to the Belly River than
to the Lance; (4) that almost all the vertebrates that are common to the Judith River and
Lance are also common to the Belly River and Lance, and hence, if the Judith River is to be
made the equivalent of the Lance on ths basis of the similarity of the vertebrate fauna, the
Belly River must on the same evidence also be made the equivalent of the Lance formation;
(5) that the Ceratopside, which form so important an element of the Lance fauna, are gener-
ically and specifically unlike the representatives of that family in the Belly River and Judith
River faunas.

The evidence of the vertebrate fauna, so far as in the present state of knowledge it has
any weight, and the evidence of the fresh and brackish water invertebrates, so far as it is
‘decisive for accurate time determination, indicate a closer relationship between the Belly
River and Judith River than between either of these formations and the Lance. This is in
accord with the stratigraphic evidence, which shows conclusively that both the Judith River
and Belly River formations are separated from the Lance by a marine formation which is of
undoubted Cretaceous ago.
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THE CRETACEOUS-EOCENE CONTACT IN THE ATLANTIC AND GULF
COASTAL PLAIN.

By Lioyp WILLIAM STEPHENSON.

INTRODUCTION.

The Cretaceous deposits of the Atlantic and Gulf Coastal Plain are separated from the
overlying Eocene and younger formations by an unconformity of regional extent. Several
authors, including Harris,! Dall? Vaughan,® and Hill and Vaughan,* have briefly described
this unconformity and have stated some of the important facts in regard to the differences
exhibited by the faunas on the two sides of the contact. The magnitude of these differences,
however, has not been sufficiently appreciated by geologists, notwithstanding the published
statements of the authors cited. Eighteen years ago Harris wrote with reference to the
Gulf region:

Between the basal Eocene deposits and the uppermost Cretaceous there is in this section of the country a decided
break both stratigraphic and faunal, so that not one species is known certainly to have crossed from one formation to
the other. At or immediately above this line an entirely new fauna makes its appearance upon the scene.

Fourteen years ago (1900) Vaughan stated in regard to the unconformity along Frio
River, Tex., that—

These data prove absolutely that there must have been a break in the sequence of sedimentation long enough to
permit a complete faunal revolution.

In 1909 Stanton & said:

The succeeding Tertiary faunas, whether on the Pacific coast, the Gulf border, or the Atlantic Coastal Plain,
show a very striking change from the Cretaceous faunas that immediately precede them. The specific types are
practically all different.

" The object of this paper is to present additional data bearing on the contact and especially
to emphasize its importance in the geologic history of the Atlantic and Gulf Coastal Plain.

TREND OF THE OUTCROP AND NATURE OF THE CONTACT.

With certain interruptions the unconformity is traceable from New Jersey to the Rio
Grande and, according to Dumble,® thence far southward into Mexico. In some places the
contact is overlapped and concealed by Miocene or younger formations, and in others it is
obscured by weathering and the similarity of the materials immediately below and above the
unconformity. - But for the greater part of the distance, where the contact is not concealed
by transgressing formations, it is sharp and easily recognizable. The sea in which the basal
Eocene strata were formed advanced across a land surface which had reached an old or nearly
base-leveled stage of erosion, as is shown by the almost horizontal or broadly uneven attitude
of the contact, which, however, presents numerous minor irregularities. Throughout much

1 Harris, G. D., The Midway stage: Bull. Am. Paleontology, vol. 1, p. 119, 1896.

3 Dall, W. H., A table of North American Tertiary horizons: U. S. Geol. Survey Eighteenth Ann. Rept., pt. 2, pp. 332-335, 1898,

3 Vaughan, T. W., Reconnaissance in the Rio Grande coal fields of Texas: U. B. Geol. SBurvey Bull. 164, pp. 35, 36, 1900; U. 8. Geol. Survey
Geol. Atlas, Uvalde folio (No. 64), pp. 2, 3, 1900.

4 Hin, R. T., and Vaughan, T. W., U. 8. Geol. Survey Geol. Atlas, Austin folio (No. 76), p. 6, 1902.

¢ Stanton, T. W., Succession and distribution of later Mesozoic invertebrate faunas in North America: Jour. Geology, vol. 17, p. 422, 1909.

¢ Dumble, E. T., Tertiary deposits of northeastern Mexico: Science, new ser., vol. 33, pp. 232-234, 1911.
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of the linear extent of the Coastal Plain clays, sands; or limestones carrying marine invertebrates
of Eocene age rest upon sands, clays, or marls carrying Upper Cretaceous invertebrates. The
conglomeratic material at the base of the Eocene is everywhere relatively thin and usually
consists of a few inches to a few feet of coarse sand or small pebbles with an intermixture of
rolled chunks from the underlying formation, phosphatic nodules, casts of shells, shark teeth,
and other fossil remains. Because of the marine origin of the beds below and above the contact
the conditions are favorable for determining the faunal relationships of the formations. In
east-central Georgia, northern Virginia, and the Potomac River region in Maryland the Eocene

rests upon Lower Cretaceous deposits.
The approximate trend of the outcrop of the Cretaceous-Eocene contact and its geographic
position with reference to the fall line and to trans-

Jackson ’ gressing formations younger than Eocene are indicated
:u:: on the map forming Plate XI.
asde GENERALIZED SECTION IN THE CENTRAL
PART OF THE EASTERN GULF REGION.
foomne A generalized section of the Upper Cretaceous and
[ Eocene strata in the central portion of the eastern
Gulf region is given in figure 13. In the Cretaceous
section are the Tuscaloosa, Eutaw, and Selma forma-
oot tions, named in ascending order.
Selma chelk ) The Tuscaloosa is a plant-bearing formation com-
Beogyre costata.{ | snd contam- posed of sands and clays of shallow-water origin. The
beds of Ry lower part of the formation is correlated by E. W. Berry
iy and Edem with the Dakota sandstone of the western interior
Zangyraponde 9sa region.
— The Eutaw formation is composed of sands, in
e ombigbee . e .
subzone | Upper part calcareous and glauconitic, and clays, all of marine
Eutan Cretacens  origin. The upper or Tombigbee sand member of the
formation (also known as the Mortoniceras subzone)
carries a purely marine fauna which includes 70 or
. more species. Several lines of evidence seem to show
1o00'a with a fair degree of certainty that the Mortoniceras
subzone is approximately synchronous with the Nio-
brara formation of the western interior region.
The Selma chalk has its fullest development in

FIGURE13.—Generalized sectlon of the Upper Cretaceousand  West-central Alabama and east-central Mississippi, and
Eocene serles and their major subdivisions in westcentral here the formation as a whole may be roughly corre-
Alsbama and east-omtral Missisippl lated with the Montana group of the western interior

region. This chalk formation merges to the east in Alabama and Georgia into nonchalky

marine sands and clays referred to the Ripley formation, which carries an abundant marine
invertebrate fauna, and to the northwest and north in Mississippi and Tennessee into similar
sands and clays referred in part to the Ripley formation and in part to the Eutaw formation.

Two major faunal zones have been distinguished in the Upper Cretaceous deposits. The

Ezogyra ponderosa zone includes the Tombigbee sand and approximately the lower half of the

Selma chalk; the Ezogyra costata zone includes the upper part of the Selma chalk. These two

zones are traceable through practically the entire linear extent of the Atlantic and Gulf

Coastal Plain. In west-central Alabama and east-central Mississippi the Selma is unconform-

ably overlain by the Midway, an invertebrate-bearing group of marine origin, and in ascending

order the Midway is succeeded by the Wilcox, Claiborne, and Jackson groups.
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FORMATIONS IN CONTACT ELSEWHERE IN THE ATLANTIC AND GULF
COASTAL PLAIN.

From a point near Houston, Chickasaw County, Miss., to Tennessee the Midway rests upon
the Ripley formation; farther north, in Tennessee, Kentucky, and southern Illinois, the deposits
immediately below and immediately above the Cretaceous-Eocene contact are of shallow-water
origin and so far as known are barren of invertebrates. From central Alabama eastward to
central Georgia the Midway rests upon the Ripley formation, in part upon typical marine
beds and in part upon shallow-water deposits which have been designated the Providence sand
member of the Ripley formation.

In east-central Georgia and southwest-central South Carolina the Claiborne group of the
Eocene transgresses northwestward across both the older Eocene and the Upper Cretaceous and
rests upon the Lower Cretaceous. The Upper Cretaceous reappears in eastern South Carolina,
and at Wilmington, N. C., the Peedee sand, of the Upper Cretaceous series, is overlain by the
stratigraphic equivalent of the Jackson, the youngest Eocene division. A little farther north
deposits correlated with the Claiborne overlie the Peedee sand. In northeastern North Carolina
and southeastern Virginia the Eocene and Cretaceous are entirely transgressed by the Miocene,
which extends westward to the fall line. Farther north in Virginia the Lower Cretaceous and
Eocene reappear from beneath the Miocene, and in Maryland the Upper Cretaceous reappears
from beneath the Eocene. In Maryland the Aquia formation, of the Eocene, which is corre-
lated with the lower part of the Wilcox of the Gulf region, rests unconformably in part upon the
Matawan formation and in part upon the Monmouth formation, of the Upper Cretaceous.
The Monmouth, the younger of the two formations last named, corresponds approximately to
the Ezogyra costata zone of the Gulf region. In New Jersey the Miocene again transgresses
upon the Upper Cretaceous, although the Shark River marl, of the Eocene, which is probably
about contemporaneous with the Claiborne, appears in Monmouth County, where it rests upon
the Manasquan formation, of the Upper Cretaceous.

From the vicinity of Arkadelphia, Ark., southwestward to the Rio Grande, Upper Creta-
ceous deposits bearing marine invertebrates and roughly corresponding in age to the Ezogyra
costata zone of the eastern Gulf region are overlain almost continuously by marine Eocene
strata which Harris has correlated with the Midway. The writer’s work in southwestern Texas
has resulted in the discovery of the contact at two localities and its approximate determina~
tion at several other localities along the Rio Grande and in its approximate determination
at several places in Uvalde and Medina counties. In at loast one area in southwestern Texas
the Midway is transgressed by younger Eocene strata.

CRETACEOUS AND EOCENE FAUNAS COMPARED.

At no known place between Maryland and the Rio Grande are the Upper Cretaceous deposits
immediately below the Eocene contact markedly younger than the upper part of the Ezogyra
costata zone of the eastern Gulf region, nor are the Eocene deposits immediately above the con-
tact older than the Midway. In this connection it should be stated that the Rancocas and
Manasquan formations of New Jersey, which carry only a meager fauna, are thought to be some-
what younger than the Ezogyra costata zone, and the upper part of the Escondido formation of
southwestern Texas may be a little younger than that zone, although its fauna is composed of
strictly Mesozoic types, of which the genus Sphenodiscus is the most striking example. The
time represented by the unconformity at other places throughout the Coastal Plain is therefore
approximately equal to or greater than the time represented by the unconformity in the eastern
Gulf region. As the faunas above and below the contact are best known in the Gulf region the
available data relating to that region form the chief basis for the statements which follow.

During the time represented by the unconformity separating the Cretaceous and Eocene
strata of the eastern Gulf region some very important changes took place in the molluscan
life of the region. A preliminary study of the faunas has shown that 168 or more species
belonging to the subkingdom Mollusca existed in the zone of Erogyra costata of the Upper



158 SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1914.

Cretaceous. Of these not a single species is known with certainty to have been found in the
basal Eocene or Midway formation. Several species of Cretaceous mollusks have been reported
from basal Eocene beds at different places in the Atlantic and Gulf Coastal Plain, but
when the records are critically examined more or less uncertainty is found in each record, either
as to the correctness of the identifications or as to the authenticity of the localities at which
they were reported to have been found.

The 168 species of mollusks in the zone of Ezogyra costata represent 89 genera. At least
20 of the more common of these genera became extinct before the Midway formation began
to be deposited, and these are enumerated in the list which follows. One whole order, the
Ammonoidea, which included five or more genera, entirely disappeared.

Genera common in the zone of Erogyra costata (Upper Cretaceous), which became extinct before the deposition of the Midway

Jormation (Eocene).
Breviarca. Cyprimeria. . Belemnitella.
Nemodon. . Legumen. Order Ammonoidea:
Gervilliopsis. ZEnona. Baculites.
Inoceramus. Linearia. Scaphites.
Exogyra. Leptoeolen. Sphenodiscus.
Paranomia. Perissolax. Hamites.
Liopistha. Pugnellus. Turrilites.

The genus Trigonia, which is common in the zone of Ezogyra costata, does not appear in
the Eocene of the Atlantic and Gulf Coastal Plain but occurs rarely in the post-Cretaceous in
other parts of the world. One genus, Hamulus, belonging to the subkingdom Vermes, or
worms, became extinct. Some of the smaller forms of life, such as Foraminifera, Bryozoa,
and Ostracoda, have not been studied critically, and it is not known what changes may have
taken place among them. However, R. S. Bassler has found that a bryozoan fauna which
occurs in the Rancocas, the youngest but one of the Upper Cretaceous formations of New Jersey,
reappears in part with certain varietal changes in the Aquia formation (Eocene) in Maryland.

Although practically all the species of mollusks in the Midway formation are different
from those found in the underlying Cretaceous, the number of genera that make their first
appearance in the Midway is probably less than the number of Upper Cretaceous genera that
became extinct in the interval represented by the unconformity. However, using Harris’s
paper, already cited,! as principal authority, the writer has been able to note at least seven
common genera in the Midway that are not found stratigraphically below that level in the
eastern Gulf region; these are Chama, Venericardia, Meretrix, Mazzalina, Calyptraphorus,
Mesalia, and Enclimatoceras. Some of these genera are known in the Upper Cretaceous in
other parts of the world.

MAGNITUDE OF THE FAUNAL CHANGES.

The following comparisons will give some idea of the magnitude of the faunal changes
that took place during the time represented by the unconformity. The Mortoniceras subzone
of the Eutaw formation, which is thought to correspond approximately in age to the Niobrara
of the western interior region, has yielded about 70 species of mollusks representing about
43 genera. Of these, 40 species and all but two or three of the genera range upward to the
top of the Cretaceous. During the time required for the deposition of the beds carrying the
Mortoniceras fauna and the overlying strata composing the Selma chalk and its nonchalky
representatives, and probably during the time represented by the entire Upper Cretaceous
section of the Chattahoochee region, the faunal changes were not nearly so great as
those which occurred during the time that elapsed between the deposition of the upper-
most Cretaceous strata and that of the lowermost Eocene strata of the area—that is, during
the time represented by the hiatus—for at the close of the period of deposition 40 out
of 70 species and all but two or three of the 43 genera survived, while at the close of the

1 Harris, G. D., The Midway stage: Bull. Am. Paleoutology, vol. 1, 156 pp., 15 pls., 1898.
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period of erosion, out of 168 species representing 89 genera, few if any species survived, and
20 or more common genera, including one whole order, became extinct.

T. W. Vaughan, who has a wide acquaintance with the Tertiary and Quaternary faunas
of the eastern United States, is authority for the almost startling statement that ‘‘the changes
that took place in the marine animal life of the Atlantic and Gulf Coastal Plain during the
time represented by the unconformity separating the Cretaceous and Eocene of this area are
more striking than the changes that have taken place between earliest Midway time and the
present day, for no great orders comparable to the Ammonoidea that lived during Midway
time have become extinct.” '

CRETACEOUS AND EOCENE FLORAS COMPARED.

The evidence afforded by the Cretaceous and Eocene floras is in substantial agreement
with that supplied by the invertebrates. The following is quoted from a letter received from
Mr. E. W. Berry, of Johns Hopkins University:

With regard to the Upper Cretaceous and Eocene floras of the eastern Gulf region, their differences are profound,
and I believe the unconformity at the base of the Midway represents a very long interval. The last extensive Cre-
taceous floras in the Gulf region are, of course, a good way from the end of the Cretaceous, but they are totally different
from the plants collected near Earle, Tex., in beds believed to belong to the Midway formation. Even when com-
parisons are made between these Midway (?) plants and the Wilcox flora of the Gulf and the late Cretaceous of the
Rocky Mountain province, the contrast is just as marked, unless you are prepared to call the Denver formation Cre-
taceous. There are a number of Denver plants in the Gulf Eocene, but I do not recall a single Laramie plant.

INTERPRETATION OF THE HIATUS.

In an attempt to explain the differences exhibited by the faunas found in the beds below
and above the Cretaceous-Eocene contact several factors are to be considered, including
time, the physical changes that may have caused the extinction or the more rapid evolution
of the forms of marine life, and the migration of new forms into the area. The unconformity
that separates these deposits, extending throughout the length of the Atlantic and Gulf Coastal
"Plain of the United States and far into Mexico is, in itself, an evidence both of a considerable
lapse of time and of great diastrophic movements. The area which was submerged during
Upper Cretaceous time was elevated and the shore line retreated far to the east and south,
probably a considerable distance beyond the present shore line and perhaps nearly to the edge
of the continental shelf. The faunas were thus forced into new environments, which doubt-
less contributed in part to the extinction of old genera and species and to the development of
new species. There is, however, little, if any, evidence of marked changes in climate or in the
temperature of the marine waters.

There is evidence that after the close of the Cretaceous period as recorded and before the
beginning of the earliest recorded Eocene deposition some new forms came into the Atlantic
and Gulf Coastal Plain province from an outside province or provinces. But the number of
genera thus introduced is probably relatively small compared with the number of genera
that survived from the Cretaceous of the same province, though represented by new species.
The faunal changes are therefore believed to be more largely due to evolutionary development
from forms that previously existed in the same province than to new elements introduced from
outside provinces.

It is pretty generally conceded by paleontologists that evolutionary changes have proceeded
more rapidly at certain times during the earth’s history than at other times; but if this
quickening of development is admitted the hiatus, in order to produce the observed changes,
must have been of great duration even when measured in terms of geologic time. How much
of that time should be classed with the Cretaceous and how much with the Tertiary can not be
determined with the available data. It is reasonable to conclude, however, that Cretaceous
time did not end with the deposition of the uppermost Cretaceous strata now preserved, nor did
Tertiary time begin with the deposition of the lowermost Eocene strata. The line separating
the two periods probably lies somewhere toward the middle of the hiatus.
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UNPUBLISHED DETAILS RELATING TO THE CONTACT.

During the last eight years the writer has had occasion to examine the Cretaceous-
Eocene contact at many places between Virginia and the Rio Grande in Texas, and some of
his observations have already been published. Many of the localities had been previously
visited by geologists and the results of their studies put on record. Perhaps the majority of
the published sections are essentially correct, so that for the present purpose their description
would be an unnecessary duplication. Several sections in Alabama and Mississippi in which
the contact is exposed have been inoorrectly interpreted, and a restatement of the age and
structural relations is necessary. New data in regard to the contact in Alabama, Mississippi,
and Taxas are also given on succeeding pages.

EASTERN GULF REGION.
VICINITY OF CLAYTON, ALA.

. Langdon ! mentioned an outcrop of Midway limestone in a cut on the Central of Georgia
Railway east of Clayton, Barbour County, Ala., as follows: “Two miles east of Clayton this
rock may be seen cropping out in 8 cut on the Clayton & Eufaula Railroad [now Central of
Georgia Railway).”

Harris studied this section and in 1896 published a description of it,* which is in essential
agreement with the one here given. Although he recognized the unconformity between layers
1 and 2 of the section given below, he did not interpret it to be the contact between the Cre-
taceous and Eocene. In 1910 the writer carefully examined this cut and other exposures
along the railroad immediately to the east and found what he regarded as the Cretaceous-
Eocene contact.

Section in cut of Central of Georgia Railway 1% miles east of Clayton, Ala.

Eocene (Midway group): ’ Feoet.
6. Deep-red ferruginous sand, grading downward into light-colored, rather fine sand...... 10-12
5. Dark to black laminated clay............ooooooiiii i 34

4. Hard fossiliferous limestone (Clayton limestone) in which were recognized Ostrea crenu-
limarginata Gabb, Ostrea sp., Turritella mortoni Conrad, Turritella sp., and Veneri-
cardia ep.; the limestone appears to pass into eand toward the east................. 5
8. Fine yellow, alightly micaceous massive sand with small oysters in the upper part.... 5-8
(A few rods east of the end of the cut and 1 or 2 feet lower than the base of layer
No. 3 the section is continued as follows:)
2. Strongly ferruginous sand and sandy clay, partly indurated, with small particles of
lignite and some pyrite or MATCASIte. ... ... ..o ..l 1-2
Sharp, unconformable contact presenting minor irregularities.
Upper Cretaceous (Providence sand member of Ripley formation):

1. Greenish-gray compact coarse and..............cciiiiiiiiiiiiiiaiiiiiiiaa 3+
The base of this section is estimated to be approximately 70 feet lower than the railroad
track at Clayton station.

In gullies and cuts within half a mile east of the section just described are exposures of
coarse, irregularly bedded sands and clays resembling the Providence sand member of the
Ripley formation, which is typically developed east of Chattahoochee River in Georgia. The
sands are in part arkosic, are very coarse, and contain pebbles having a maximum length
of half an inch or more; they also contain clay balls and some clay bowlders which attain a
maximum observed diameter of 1 foot. Interbedded with the sands are lenses of drab sandy
massive clay, in places mottled and blotched with yellow and purple. ILocal unconformities
are common between the layers and lenses of sand and clay. A thickness of 40 or 50 feet of
these materials was noted, but the base of the member did not appear in the exposures examined.

. 1Langdon, D. W,, jr., The Tertiary and Cretaceous formations east of Alabama River (in Smith, Johnson, and L-ngdon, On the geology of
the Coastal Plain of Alabama, Alabama Geol. Survey), p. 418, 1894. '
2 Harris, G. D., The Midway stage: Bull. Am. Paleontology, vol. 1, No. 4, pp. 149, 150, 1596.
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TROY, ALA.

The contact between the Cretaceous and Eocene outcrops north of Troy in the northward-
facing slope of the Conecuh River valley. Figure 14 is a generalized section from the town
northward to the river, a distance of about 3 miles, showing the relation
between the Cretaceous and Eocene strata. The details and approxi-
mate thicknesses of the beds are as follows:

Section from Troy, Ala., to Conecuh River.

Eocene (Midway group): Feet.
/. Deep-red weathered massive sands, forming the surface-
materials at Troy, gmdmg downward into less weathered
MASEIVEO BANAS. .. ... leiiiiit i 80
e. Gray glauconitic sand........cooooiiiiiiiiiiiiiill, 20
d. Limestone in which the following Eocene mollusks were
recognized: Ostrea crenulimarginata Gabb, Venericardia
8p., Turritella mortoni Conrad (Clayton limestone)...... 15
¢. Light-gray massive argillaceoussand ....................... 30
Probable unconformity. The exact contact between the Creta-
ceous and Eocene was not seen clearly exposed in the vi-
cinity of Troy, but the general relation of the deposits as
observed in numerous exposures justifies the belief that the
contact lies immediately above layer b at the point indicated
in figure 14.
Upper Cretaceous (Ripley formation):

. Drab to yellowish and reddish fine to coarse sands
with interbedded subordinate; lenses and layers of
massive clay, lenses of laminated clay, white clay
films and grains, and some clay balls (Providence sand
member) . ... ... i it iiiiiiiiaecccaeeee 100

a. Dark-gray to black argillaceous, very micaceous sand or
sandy clay, containing fossils in the form of soft casts;
Crassatellites pteropsis Conrad and Breviarca sp. recog-
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Layers a and b of the section are exposed along the road leading
northward from Troy to Orion; layers d to f are exposed in deep gullies
at the headwaters of a small branch just north of Troy.

BRIDGEPORT LANDING, ALABAMA RIVER, ALA.

Smith and Johnson! in 1887 described in detail the section exposed
in the bluff at Bridgeport Landing, Alabama River, Wilcox County,
Ala. With the exception: of 10 feet of terrace materials at the top of
the bluff, the whole section embracing a thickness of about 50 feet
of strata was assigned by them to the Ripley formation (Upper Cre-
taceous).

In 1910 the writer, in company with Dr. Smith, visited this
landing and found in an indurated layer 10 feet above water level
the Eocene fossil Enclimatoceras wulrichi White, and a few feet er
higher Venericardia sp. It was at once agreed that the strata z
belonged to the Midway group and that no Cretaceous beds appeared above water level.

18mith, E. A., and Johnson, L. C., Tertiary and Cretaceous strau of the Tuscaloosa, Tombigbee, and Alabama rivers: U. 8. Geol. Survey
Bull. 43, p. 74, PL. XIX fig. 3, 1887. BeealsoSmJth E. A,, Johnson, L. C., and Langdon, D. W., jr., On the geology of the Coastal Plain of Ala-
bama, Alabama Geol. Survey, p. 262, P1. XVI, 1804. :
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F1aURE 15.—Sketch showing position of Cretaceous-Eocene contact and faulting at Old Canton Landing, Alabama River, Ala.

SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY, 1914.
OLD CANTON LANDING, ALABAMA RIVER, ALA.

The Cretacéous-Eocene contact is clearly exposed in a bluff on Alabama
River below Old Canton Landing, Wilcox County, Ala. This section was
described in 1887 by Smith and Johnson,! but the contact was not recognized

" and that portion of the section which belongs to the Midway was referred to

the Ripley formation of the Upper Cretaceous. The locality was visited by
the writer in 1909 and the results expressed in the section given below were
obtained. In 1910 he again went to the locality, in company with Dr. Smith,
who concurred in this interpretation.

Section at Old Canton Landing, Alabama River, Ala.

Pleistocene (terrace depoeit): Red ferruginous pebbly sand with gravel  Feet.
in the lower portion (poorly exposed toward base). . ................ 25-30
Unconformity.
Eocene (Midway group): The steep slope is largely covered with vege-
tation, but in the road leading down to the landing nodular layers of
calcareous sandstone are poorly exposed, and along the bluff below
the landing, immediately above the contact, is 10 to 20 feet of green-
ish-gray, more or less glauconitic calcareous sandstone, underlain in
depressions in the Selma chalk by loose glauconitic gray sand with
rows of indurated concretionary masses (see Pl. XII), and in places
rolled lumps of Selma chalk and reworked Cretaceous foesils. Along
the immediate base of the Midway is a gray quartzite-like rock vary-
ing in thicknees from a film to 1 foot. In the calcareous sandstone
the following Eocene fossils, identified by C. Wythe Cooke, were ob-
tained: A coral, Terebratulina? sp., Cucullea saffordi (Gabb), Ostrea
pulaskensis Harris, Turritella sp., Levifusus trabeatus (Conrad) var.?
(U. 8. G. 8. collection 5480); in addition to these the writer recog-
nized Venericardia sp. and Enclimatoceras wlrichi White............. 90-105
Unconformity.
Upper Cretaceous (Selma chalk): Light-gray chalky limestone, typical
in upper part, somewhat sandy below; contains 30 or more character-
istic species of the Erogyra costata zone of the Upper Cretaceous.....  3-20

The strata exposed in the lower 25 or 30 feet of the bluff exhibit
numerous minor faults involving both the Cretaceous and Eocene. Figure
15 is a rough sketch of the structural features exhibited by the rocks ex-
posed along the face of the bluff. (See also P1. XIII, A.)

MOSCOW LANDING, TOMBIGBEE RIVER, ALA.

The Cretaceous-Eocene contact is well exposed at Moscow Landing, on
Tombigbee River about 14 miles below Demopolis, Ala. In 1887 the beds
above the contact were referred by Smith and Johnson? to the Ripley for-
mation (Upper Cretaceous), but in 1910 this mistaken correlation was partly
corrected by Smith.®* This exposure has been examined by T. W. Vaughan,
E. W. Berry, and the writer, and all agree that the sandstone and con-
glomeratic lenses occupying depressions in the Selma chalk and overlain by
strata of undoubted Midway age are basal Eocene deposits, and not Cretaceous
deposits, as interpreted by Smith. '

The Eocene sea advancing across an uneven surface planed off the tops
of the elevations and rapidly filled the depressions. After the hollows were
completely filled, and while the sea was still shallow, the waves continued for

1 Op. cit., pp. 74-75, Pl. XIX, fig. 4. See also Smith, Johnson, and Langdon, op. cit., pp. 262-264, PL. XVI.
1 Op. cit., pp. 80-81, 133, Pl. X. See also Smith, Johnson, and Langdon, op. cit., pp. 270-272, 358, 359, P1. XVIIL.
3 8mith, E. A., The Cret. Eocene contact: Jour. Geology, vol. 18, pp. 430-434, 1910.
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L.

CONTACT BETWEEN THE SELMA CHALK (UPPER CRETACEOUS) AND
MIDWAY GROUP (EOCENE) AT OLD CANTON LANDING, ALABAMA
RIVER, ALA.

The thin layer of quartzite at the base of the vegetation in A4, and projecting con-
spicuously in B, marks the base of the Eocene.
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a short time to plane off the sea bottom and slightly cut down the fillings in the depressions.
Soon, however, as the land continued to sink, the deposition of regular massive strata began,
covering both the truncated elevations of the Selma and the planed-off fillings in the depres-
sions and producing the appearance of unconformity between the coarse fillings and the
regularly bedded deposits above. The Cretaceous fossils found in these basal, lenslike sands
and conglomerates were derived by mechanical mixture from the underlying Selma chalk.

The following fossils collected from the Midway at Moscow Landing by T. W. Vaughan and
the writer were identified by C. Wythe Cooke:

Fossils from the Midway group at Moscow Landing, Tombigbee River, Ala.

Colteotionof|Collectiono (Collectionof Collectionof
Stel.ilw. v’l‘. Ww. I..h W. v’l’. W.
enson| Vaughan Stephenson| Vaughan
(U.p 8.G.8.|(U.8.G.8. (U.8.G.8.|(U.8.G.8.
5585). 5658). 5585). 5658).

Trochocyathus hyatti Vaughan ceee X Jeerecnenaenn Crassatellites sp

Terebratula (Chlzl‘mmphou) sp.. N P X Venericardiasp..................

Terebratulinasp................. N P X Turritella humerosa Conrad var.?

Discinisca? sp...c.ccoeuennn.. . X feecerenenans Turritella mortoni Conrad....

Cuocullea saffordi (Gabb)......... b S PO, Vermetus 8P . ... cccovnieuvecneneocaccncannns

Ostrea eunsis Hartls........ X X Enclimatoceras ulrichi White

Crassatellites gabbi (8afford)?................. X feveerieeeans

VICINITY OF LIVINGSTON, ALA.

Southwest of Livingston, Sumter County, Ala., the Midway (Eocene) rests unconformably
upon the Selma chalk (Upper Cretaceous). Here, as at Moscow Landing, Old Canton Landing,
and elsewhere in west-
central Alabama, w. £
strata of the Midway
group were mistaken
for the Ripley forma-
tion by Smith®' and
his assistants. The
section represented
by figure 16 expresses
the writer’s interpre-
tation of an exposure
on the Curls station —
road, half a mile Emh
southwest of the *- =====-X]
courthouse and just
west of Sucamoche.e FiqurE 16.—Section showing Cnu::o::-mo; :aoAnll:ct Fo: (;:rtl:m lt:‘t: t::d”h:i: mile southwest of the
Creek. In one of his

trips to the locality (in 1910) the writer was accompanied by Dr. Smith, who concurred in
this interpretation so far as it relates to the beds immediately below and above the contact.
The details of the section are as follows:

¥
]
|

pmmm e i = — m e

Section on Curls station road southwest of Livingston, Ala.

Pleistocene (terrace deposit): Feoet.
h. Alluvial sand and clay. .. .coeemeie i iiiiiiiitirereeereaeaeaas 10
Unconformity.
Pleistocene or Eocene:
g. Poorly exposed red ferruginous sand, grading down into coarse grayish sand (weathered
phase of Midway or Pleistocene terrace deposit)..................ocociiiiiiiiaL, 30

1 8mith, E. A., Joh , L. C., and Langdon, D. W, r., Geologic map of Alabama, Alabama Geol. Survey, 1894.
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Eocene (Midway group): Feet.
/. Dark shaly calcareous Clay.....c..cumuenmmneiie it 4
e. White massive limestone, apparently a chalk; contains Foraminifera. Weathers in con-
choidal fragments. .. .......ooiuiii ittt 6

d. Massive argillaceous sandy limestone; contains the Midway Eocene fossils Arca sp. and
Ostrea pulaskensis Harris, the latter becoming numerous toward the base. In the basal
portion occur phosphatic nodules and phosphatic casts and some shells of Upper Creta-
ceous fossils, present as a mechanical mixture, as follows: Ezogyra costata Say, Gyrodes

8p., Pyropesis sp., Baculites sp., Hamites 8p «...c.ccoveiieiioiioiiniiiiiiiaaal., 4
Contact obscure, owing to similarity of materials above and below the unconformity.
Upper Cretaceous (Selma chalk):
¢. Massive argillaceous chalky limestone. ...........ccemieamimiieaioiiiiiniinnianne. 6
B, Concealod.......coeeeeeaeieeaaeraaccaaccaacotacaetannnaanaaaasaaccaancaacaanaan 14
a. Chalky limestone similar to layer ¢, contains Ezogyra costata Say..................o.... 1

In company with Dr. Smith the writer made a trip by way of the Ramsey road from
Livingston to Sumterville, a small village situated about 10 miles west of north of Livingston.
After crossing Sucarnochee Creek within half a mile of the courthouse greenish clays—the
Sucarnochee clay of
the Midway group—
d Midway group were observed at in-

[«

S, N.

T T T T T T tervals in road expo-
' trre sures for a distance of
= 4 or 5 miles. At a

I -1  — e S s s T (Upper Cretaceous) crossing of Sucarno-
R 100"k~ == == == e mmcmmocmsmmmm e e chee Creek about 5

Figurx 17.—Section showing Ontaoeous-ELo‘oane con,taﬁ.. on Sucarnochee Creek 5 miles northwest of  mileg from Livingston

vingstan the Cretaceous-

Eocene contact was observed where the stream had cut through the Eocene into the under-

lying Selma chalk. Figure 17 and the subjoined section show the relations of the deposits
as observed. The thicknesses given in the section are approximate.

Section on Sucarnochee Creek 5 miles northwest of Livingston, Ala.

. Feet.
d. Concealed by vegetation......... ... i 10
Eocene (Midway group):
c. Bandy limestone. ..........oooioii i 8-10
b. Coarse phosphatic sand with Cretaceous fossils, principally casts, mechanically derived
from the underlying Selma chalk............ ... ... ... il 13
Sharp undulating contact.
Upper Cretaceous (Selma chalk):
a. Massive chalky limestone. A line of phosphatic casts of Cretaceous fossils is cut off in
places by the unconformity, and a similar line of casts occurs a little lower in the
Lo 1) 10-12

The Cretaceous-Eocene contact was observed at several places within 2 or 3 miles north-
west of this locality, and at one place phosphatic casts of Cretaceous fossils mechanically included
in the base of greenish clays (Sucarnochee clay) were noted. Sucarnochee clay was observed
overlying the chalk to a point within 2 or 3 miles of Sumterville, the base of the clay grad-
ually rising to the north and the clay finally feathering out south of Sumterville. These obser-
vations show that northwest of Livingston the Sucarnochee clay of the Midway group trans-
gresses the older sandy and calcareous beds of the Midway, and south of Sumterville these
beds are entirely overlapped and the clay rests directly upon the Selma chalk.

VICINITY OF SCOOBA AND WAHALAK, MISS.

The town of Scooba, Kemper County, Miss., is underlain by the Sucarnochee clay of
the Midway group of the Eocene. Several poor exposures of greenish clays were observed in
the streets and along the roads in the vicinity of the town, and a poor exposure of similar clay
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was noted along the Mobile & Ohio Railroad, 1 mile north of town. Clays of the same character
overlain by 5 to 10 feet of sand of undetermined age (probably Eocene) were observed at .
intervals along the Giles road for a distance of 2} miles east of Scooba.

Three miles east of Scooba, where the road descends into a small valley, 6 feet of compact
gray limestone belonging to the Selma chalk (Upper Cretaceous) appears in the roadbed and
is overlain by 6 feet of residual sandy clay (Sucarnochee). From the chalk were obtained
Ezogyra costata Say, Gryphea sp., Pecten venustus Morton, Plicatula sp. nov., and Lima sp.
From this point to a place within half a mile of Giles, a small village about 6 miles east of
Scooba, greenish clays overlain by a few feet of yellow sands, probably of Midway age, are
exposed at intervals. Half a mile west of Giles the section represented in figure 18 was exam-
ined and found to contain the following beds:

Section half a mile west of Giles, Miss.

Eocene (Midway group): Feet.
b. Yellow sand, grading down into greenish-gray sandy sticky clay (Sucarnochee clay). .. 5
Unconformity.
Upper Cretaceous (Selma chalk):
a. Gray argillaceous chalky limestone, containing Ostrea plumosa Morton................ 10

A few feet of sand corresponding to layer b in this section appears in the public road to
a point about 3% miles east of Giles. In places this sand is underlain by 10 feet or more of
greenish clays. A mile and a quarter east of Giles the Selma chalk appears in a bald spot
and is overlain by the greenish clays. The chalk yielded Ostrea larva Lamarck and Gryphsea
sp. The Selma is also exposed in a bald spot in the road about 3} miles east of Giles, and

25 M
it (marp

| Selma. chalk
(Upper Cretaceous)
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FIGURE 18.—Section showing Cretaceous-Eoocene contact half a mile west of Giles, 53 miles east of S8cooba, Kemper County, Miss.

here were found Ostrea larva Lamarck and Ostrea plumosa Morton. Beyond this point to the
east the Midway covering thins out and disappears and the surface materials consist of residual
clays derived from the Selma chalk. About 10 feet of typical massive limestone of the
Selma chalk is well exposed in the banks of & dry branch a short distance west of Ivy, Sumter
County, Ala.

A trip was made from Scooba northward along a road which joins the Wahalak-Binnsville
road in the Wahalak Creek valley about 6 miles from Scooba. Numerous exposures of greenish
clay (Sucarnochee clay) of the Midway group were observed to the crest of the steep slope over-
looking the Wahalak Creek valley. In the road leading down the slope the following section
is revealed: :

Section in public road about 6 miles north of Scooba, Kemper County, Miss.

Eocene (Midway group): Feet.
3. Greenish weathered clay (Sucarnochee clay)..........ocooiiiiiiiii L., 10
Unconformity.
Upper Cretaceous (Selma chalk):
2. Massive chalky limestone, containing phosphatic casts of characteristic Upper Creta-
ceous fossils (Ezogyra costata zone) in the upper 10feet............................ 60
1. Very sandy limestone, constituting an arenaceous phase of the Selma chalk............ 50

The Minnie Portis Spring is a quarter of a mile north of the post office at Wahalak,
Kemper County, Miss., in a small branch which has cut its valley 25 or 30 feet below the upland
level. The surface materials at the spring and in the immediate vicinity are the greenish
clays belonging to the Sucarnochee clay, of the Midway group. This clay is closely underlain
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by fossil-bearing calcareous sandy clays, also belonging to the Midway, as shown by the following
. log of a shallow dug well in a small branch valley a few hundred yards east of the spring. The
log is based in part on an examination of the materials thrown from the well and in part on
oral statements by Mr. D. W. Portis.

Log of well near the Minnie Portis Spring, Wahalak, Miss.

[Foesils identified by C. Wythe Cooke.]

Thickness.{ Depth.

mdvn;ﬁg s; ’ Feet. Feet.
Sioh gray very caloareous sandy ciay, oo ummgounpumm """"" Harris (U. 8. G. 8, collection 6571). .. 1 M
v careous san ©ol
1. Blulm,vm&c:e{nmchy,lmwu ateﬁ' the preceding, containing Ostrea pulukau‘ol-hm-(u B.G.8. 2

The fact that Hamulus onyxz Morton, a Cretaceous fossil, was found associated with Ostrea
pulaskensis Harris in layer 1 of the section doubtless shows that the Selma chalk closely
underlies the Eocene and that this Cretaceous fossil was mechanically intermingled with the
Eocene oysters.

Crider ! has noted the occurrence of Selma chalk along the bed of Wahalak Creek in the
vicinity of Wahalak. He says:

Three miles north of Scooba the western border of the Selma chalk outcrop is seen in a series of hills forming the
south bank of Wahalak Creek. The bottom of the creek here is about 1} miles wide, with the steeper slope on the
south side. The creek has channeled its bed into the white Selma chalk, which outcrops continuously throughout its
course. The limestone occurs in the bed of the creek to a point 6} or 7 miles northwest of Wahalak, but the overlying
Porters Creek clay is present on the higher land on both sides of the creek.

On the low range of hills south of Wahalak Creek, beginning near the Mobile & Ohio Railroad track and extending
eastward, is a bed of sand rock 10 feet thick capping the tops of the hills. It is a coarse-grained sandstone cemented
with lime carbonate and contains numerous little bivalve shells. It is similar to sandstone found 7 miles east of Sucar-
noochee and doubtless represents the lowest beds of the Ripley formation.

-Although the writer has not seen the calcareous sandstone mentioned in the second para-
graph quoted, Crider’s statement that it contains numerous small bivalve shells suggests that
the rock is the basal calcareous portion of the Midway group, which in western Alabama carries
large numbers. of Ostrea pulaskensis Ha.rns, doubtless the fossil he noted.

On the geologic map accompa.nylng Crider’s report the Ripley formation (Upper Cretaceous)
is represented as outcropping in a narrow area southwest of & northwesterly line passing through
Scooba. The Selma chalk is represented as outcropping northeast of the same line. The
observations just recorded show that the Ripley is absent in this area and that the Midway
group (Eocene)—probably the Sucarnochee clay—transgresses the Selma chalk for 5 to 10
miles to the northeast and east of Scooba.

Although on the map Crider represents Scooba as situated in the Cretaceous area, in his
text? he states that the town is in the Flatwoods area, which is underlain by the Midway group.
This and other statements in Crider’s text show that with the exception of his reference of the
relatively thin calcareous and sandy basal beds of the Midway to the Ripley formation his
interpretation of the stratigraphy of the area was correct.

VICINITY OF SHUQUALAK, MISS.

The Flatwoods, which are underlain by the Sucarnochee clay of the Midway group, are
well developed immediately west of Shuqualak, Noxubee County, Miss. North of the town
several poor exposures of Selma chalk (Upper Cretaceous) were observed in the Macon road,
and in a field west of the road 1 mile north of town the Selma chalk is fairly well exposed in
several bald spots; here were found the characteristic Upper Cretaceous fossils Ostrea plumosa

1 Crider, A. F., Geology and mineral resources of Mississippi: U. 8. Geol. Burvey Bull. 283, pp. 18, 79, 1906. $1dem, p. 78.
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Morton, Gryphza vomer Morton, and Pecten venustus Morton. The town of Shuqualak is
therefore situated about on the boundary between the Cretaceous and Eocene.

The Cretaceous-Eocene contact was found in the Macon-De Kalb road about half a mile
north of the crossing of Running Water Creek and about 4 miles northwest of Shuqualak. The
exposure is a bald spot on the southward-facing slope of a small branch and reveals the following .
section:

Section in Macon-De Kalb road about 7} miles south of Macon, Miss., and half a mile north of the crossing of Running

Water Creek.
[Midway fossils identified by C. Wythe Cooke.]
Eocene (Midway group): Feet.
3. Dark, greenish-gray compact calcareous clay containing Foraminifera and in the lower 3
to 5 feet large numbers of Ostrea pulaskensis Harris (U. 8. G. 8. collcction 6582).......... 8

2. Moderately hard bluish-gray, somewhat sandy and argillaceous limestone. The upper 2
feet is a little harder than the lower portion and contains the following Eocene (Midway)
species: Cucullsea saffordi Gabb?, Venericardia alticostata Conrad, Turritella mortoni Con-
rad (U. 8. G. 8. collection 6581). The basal portion weathers soft and a little shaly and
contains Gryphza vomer Morton?, probably a Cretaceous foesil derived mechanically
from the underlying Selma chalk......... .. ...l 6

Unconformity indicated by some reworking of layer 1 in layer 2 and by borings in layer 1 filled
by the darker materials of layer 2.
Upper Cretaceous (Selma chalk):
1. Gray, very hard, slightly sandy and argillaceous massive chalky limestone. Baculites sp.
was found loose on the surface near the upper part of this bed.................. 4
Owing to the close lithologic resemblance between layers 1 and 2 of the section the contact

is inconspicuous and requires close scrutiny to discover it. A view of the exposure is given
in Plate XIII, B.

NORTHWEST OF MACON, MISS.

The position of the Cretaceous-Eocene contact was approximately determined in an exposure
on Horse Creek, a quarter of a mile north of Benjamin Taylor’s store and 12 or 13 miles north-
west of Macon, Noxubee County, Miss. The creek bank reveals 20 feet of massive, compact
argillaceous, slightly siliceous chalky limestone belonging to the Selma chalk. The upper 2
feet of the rock is perforated with borings filled with gray calcareous clay. Weathered out
in the soil on the slope just above the exposed beds of the Selma were found the following
Eocene (Midway) fossils (identified by C. Wythe Cooke): A coral, Cucullza saffordi Gabbt,
Ostrea pulaskensis Harris, Turritella sp., Natica (2 species), Xenophora sp., Cylicna? (cast),
and Pleuratoma? (cast) (U. S. G. S. collection 6572). The perforated portion of the chalk was
doubtless immediately below the contact with the overlying Midway.

STARKVILLE, MISS.

The Selma chalk is exposed in gullies on the campus of the Agricultural and Mechanical
College, near Starkville, Oktibbeha County, Miss., and these exposures have yielded 37 or more
species of characteristic Upper Cretaceous fossils (from the Ezogyra costata zone). A short
distance north of the campus, in the Mayhew road about 1§ miles east of Starkville, the fol-
lowing section is exposed: '

) Section in Mayhew road 13 miles east of Starkville, Miss.
Upper Cretaceous:

Selma chalk: Feoet.
3. Moderately sandy and mglllaceoua chalky limestone, with many fossils.. eeee. 26

Ripley formation:
2. Gray, finely micaceous, somewhat calcareous sand, with a few slightly indurated
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The writer ! has shown that the chalky limestone revealed in gullies on the campus is a
northward-extending tongue of the Selma and is stratigraphically higher than a long tongue of
the Ripley formation which extends southward from Chickasaw County and apparently
pinches out in Noxubee County. W. N. Logan ? correctly referred layer 2 of the Mayhew road
gection to the Ripley formation, but he regarded the sand as overlying the limestone (layer 3)
and as constituting an outlier of the Ripley.

Starkville is located on the Cretaceous-Eocene contact, which is exposed in cuts of the
Illinois Central Railroad southwest of the station. The following succession of strata appears
in a cut a quarter of a mile southwest of the station:

Section in cut of Illinois Central Railroad a quarter of a mile southwest bf the station at Starkville, Miss.

Eocene (Midway group): Poot.
4. Weathered brown, finely micaceous sandy clay....coeooeoiionii il [3
3. Thinly stratified fine gray micaceous sand with yellow and brown streaks................ 7
2. Concealed......o.ueiiaeiiii ittt eaeiieaeceiieaccciaecctienaeacereaaaaaaaaaan 2
1. Greenish-gray to olive-green tough clay......oo.cooiiiiiiioiiiiiiiiiiiiiiiiiii. 1

The beds described in the section were referred by Logan?® to the Lafayette formation,
but the writer does not hesitate to correlate them with the Midway group of the Eocene. They
constitute the eastward feather edge of the Midway, the main outcrop of which begins within
less than 1% miles southwest of Starkville along this railroad.’

From the cut southwestward the railroad track descends a rather steep grade, and half
a mile from the station 6 feet of massive chalky limestone (Selma chalk) overlain by 2 feet
of yellow residual clay is exposed in a shallow cut. A cut 14 miles southwest of the station
reveals 4 or 5 feet of grayish to greenish-gray hard sandy residual clay, probably a weathered
phase of the Sucarnochee clay of the Midway group (Eocene). The actual contact between
the Cretaceous and Eocene was not observed in this vicinity.

VICINITY OF HOUSTON, MISS.

A cut of the Mobile & Ohio Railroad (Houston branch) at Houston, Miss., reveals the

following section:
g Section in cut of Mobile & Ohio Raslroad at Houston, Miss.

Eocene (Midway group?): Peet.
4. Residual yellow sandy ferruginous clay............cooieiiiiiaiiiiiaa... teeeecaaaan 7
3. Gray massive, compact calcareous glauconitic, somewhat argillaceous, finely micaceous
X ¢ Vo 5
2. Yellow loose ferruginous sand with scattered white grains of arkose?, poorly exposed.... 4
Sharp contact.
Upper Cretaceous (Selma chalk):
1. Gray massive, very calcareous glauconitic, finely sandy clay resembling an impure phase
of the Selma chalk.........iuiuiiiiii ittt i tciaiatacananann 2

Baculites sp., probably derived from layer 1 of the section, was found on the dump at the
end of the cut.

The Cretaceous-Eocene contact is exposed on the old Houlka road 1} miles north of
Houlka, as described in the following section:

Section tn the old Houlka road 1} miles north of Houston, Miss.

Eocene (Midway group): Feet.
7. Yellowish hard calcareous glauconitic sandstone. . .........c.cooiiininennnnnnnan.... 7
6. Dark-gray argillaceous glauconitic compact calcareous sand, containing Ostrea pulaskensis

D X5 - 3

5. Greenish-gray calcareous sandstone.................coooiiiieiiiiiiiiiiiiiiaiianan.... 3
4. Compact red and yellow fine micaceoussand. ....... ... ... . .. .. il 1
3. Reddish, rather coarse sandstone. . . ..........ocoiiiiiiii i '3
2. Yellow, rather fine stratifred mealy sand............ .. ... ... ...l 1

Sharp contact. '

Upper Cretaceous (Selma chalk):
1. Compact gray argillaceous limestone. . .........c.coooiaiiiiiiiiii i, 2

17. 8. Geol. Burvey Prof. Paper 81, p. 17, PL IX,1914.  * Mississippi Agr. and Mech. Coll. Bull., vol. 1, No. 2, p. 30, 1004.  * Idem, p. 3.
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A. CRETACEOUS-EOCENE CONTACT IN CUT OF ST. LOUIS & SAN FRAN-
CISCO RAILROAD 1 MILE EAST OF NEW ALBANY, MISS.

The contact is beneath the indurated layer.

B. POTHOLES IN BASAL LIMESTONE OF THE MIDWAY FORMATION ON
.;'E-')% RIO GRANDE 1 MILE BELOW WHITE BLUFF, MAVERICK COUNTY,

About 4 miles above the Webb County line.
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A cut of the New Orleans, Mobile & Chicago Railroad 3 miles north of Houston reveals
about 8 feet of light-greenish to yellowish nodular limestone containing large numbers of Ostrea
pulaskensis Harris (U.S.G.S. collection 5587; identified by C. Wythe Cooke) in the upper 4 feet,
overlain by 8 feet of tough yellowish and greenish clay, probably residual from the limestone;
this rock belongs to the Midway group of the Eocene.

In the main public road 1 to 1} miles south of Houston reddish and yellowish ferruginous
sands and clays, probably belonging to the Midway group of the Eocene, were observed over-
lying with a sharp unconformity the massive argillaceous chalky limestone of the Selma chalk,
which in places contains numerous characteristic Upper Cretaceous fossils (Ezogyra costata zone).

The weathered representatives of the sands and clays of the Midway at-Houston extend
eastward above the Selma, capping the tops of the hills for a distance of at least 2 miles.

VICINITY OF PONTOTOC, MISS.

A deep cut of the New Orleans, Mobile & Chicago Railroad about half a mile south of the
station at Pontotoc, Miss., reveals nearly 50 feet of reddish, yellowish-brown, and grayish
glaucomtlc sands belonging to the Ripley formation (Upper Cretaceous). In a stratum of
massive coarse yellowish-brown glauconitic sand, 15 to 20 feet below the top of the section, the
following poorly preserved characteristic Upper Cretaceous fossils (Ezogyra costata zone) were
recognized: Ezogyra costata Say, Veniella conradi (Morton), Cardium tippanum Conrad. About
30 feet of similar sands are exposed in a ballast pit along the same railroad about 2} miles
northwest of Pontotoc.

From a point a short distance west of the old right of way of the New Orleans, Mobile &
Chicago Railroad, which lies a mile or more west of the present right of way, southwestward
for several miles the public road passes over light-yellowish clays which are probably weathered
residual materials derived from the Sucarnochee clay of the Midway group.

The Cretaceous-Eocene contact was not found well exposed in the vicinity of Pontotoc,
but the data just given indicate that the boundary lies about a mile west of the railroad station.

VICINITY OF NEW ALBANY, MISS.

The town of New Albany, Union County, Miss., lies about a mile west of the outcrop of
the Cretaceous-Eocene contact. The relations of the two series are well exhibited in a cut of
the St. Louis & San Francisco Railroad 1 mile east of New Albany. (See Pl. XIV, A.)

Section in cut of St. Lowks & San Francisco Railroad 1 mile east of New Albany, Miss.

Eocene (Midway group): Feoet.
6. Weathered red ferruginous argillaceoussand. ...... ... .. . ... . i iiiiiiiiiiiiaiana, 12
5. Yellowish-brown ferruginous sand with masses of small irregular to roundish iron concre-
tions, apparently arranged in lenses. .......... ... .. .o iiiiiiiiiiiiiiiiiiiiia., 7
4. Weathered yellowish-brown ferruginoussand. . ............ .. ... .o..cooiiiiiiiia... 9
3. Yellow massive, somewhat sandy limestone, containing the Midway species Venericardia
. sp.and Turritella mortoni Conrad (U. 8. G. 8. collection 6573; identified by C. Wythe
Cooke). Mechanically included in the base of the limestone were found the following
Upper Cretaceous foesils: Pecten argillensis Conrad, Crassatellites sp., and Cardium
tippanum COnrad. ... ... ...ttt iaaa e tataanaanaa—aaaaaan 6
2. Yellow, very calcareous sand..........cc.ioiioiiuiiii ittt eaaaaaa, +1
Upper Cretaceous (Ripley formation):
1. Dark-gray massive, very compact argillaceous sand with a few poorly preserved specimens
of Exogyra costata Say, Pecten argillensis Conrad, and Baculites p.................... 5

SOUTHWESTERN TEXAS.
MAVERICK COUNTY.

Roemer ! in 1848 discussed the geographic position of the Cretaceous-Eocene contact in
Texas as follows:

Anideal line drawn from Presidio de Rio Grande on the Rio Grande in a northeast direction, and crossing the San
Antonio River at the town of the same name, the Guadalupe at New Braunfels (the German settlement), the Colorado

1 Roemer, Ferdinand, Contributions to the geology of Texas: Am. Jour. Sci., 2d ser., vol. 6, p. 21, 1848.
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at Austin, the Brazos at the falls of this river, the Trinity below its forks, and reaching from there to the Red River
in the same northeast direction, divides the Tertiary strata and the diluvial and alluvial deposits (of the level and
“rolling "’ part of the country) from the Cretaceous and older formations (of the hilly and mountainous sections).

In 1889 Penrose! stated, with reference to the Cretaceous along the Rio Grande:

It may be said, however, that Cretaceous fossils have been found at Eagle Pass, and from there down the river to
the Webb County line are found great quantities of ammonites and other fauna of that epoch. In fact, it is not until
we reach a point 3 miles below the northwest corner of Webb County that true Tertiary (or Laramie) forms are found.
Suppoeing the Cretaceous and Tertiary parting to cross the river at this point, we would do away with the much mooted
question of the westerly extension to Las Moras Creek, above Eagle Pass, as drawn by Loughridge, Conrad, and others,
and the slight deflection to the west could easily be accounted for by the supposition of an embayment on the Rio
Grande at the time of the deposition of these strata, similar to that which existed at the same time on the Mississippi.
Roemer makes the line of parting across the Rio Grande at Presidio de Rio Grande, 10 miles above Laredo, while Schott
refers to all the country from the mouth of the Pecos to the Gulf of Mexico as the ‘‘Cretaceous basin of the Rio Bravo”
(Rio Grande). It seems probable now, so far as can be judged without & further study of the fossils, that Roemer was
nearer right than the others, and that, as has been pointed out by Hill, the line as drawn by Conrad was based on
certain Tertiary fossils which had been misplaced in the collection. '

* * » » * * *

At a point 5 miles below Las Cuevas Creek are the Angostora Rapids. These are caused by a reef of oyster shells,
of the sdme kind as mentioned above, which run across the river and are covered on either bank by the same gray or
buff sandstones. For 16 miles below here, by river, we find almost uninterrupted outcrops of similar deposits of desic-
cated and indurated sands and clays, containing many ammonites and other forms similar to those found at the Cre-
taceous exposure in Anderson County. At this point we come to what is known as Las Isletas. The river is a half
mile wide and very shallow. It is full of small islands, consisting of sand bars and covered by mesquite and cane.
The bottom of the river is rocky and causes almost continuous rapids for 5 miles,

For 12 miles below Las Isletas, and to a point 3 miles below the north line of Webb County, we see many outcrops
of a formation similar to those already described and with similar foesils, But here the fauna changes and the character
of the strata becomes more glauconiferous.

Dumble 2 in 1892 discussed the same section as follows: -

From this point [10 miles below Eagle Pass] to the falls of the Rio Grande, just above the Webb County line, the
exposures are but repetitions one of another—brown, buff, blue, or green clays, with sandstones, sometimes friable and
sometimes 8o indurated as to be semiquartzites. Abundant fossils, consisting of ammonites (Placenticeras), oysters,
and gastropods, are found. The rapids (or falls of the Rio Grande), which continue almost to the line between the
two counties, are formed by the edges of some of these ammonite-bearing beds as they pass below water level. From
this point to Webb Bluff, a distance of 3 miles, no fossils were found; but there was no change in the lithologic charac-
ter of the rock materials, nor could the clays at the base of the Webb Bluff section be distinguished in any way from
those observed at the rapids above.

Webb Bluff section.
Gravel. Feet.
Sandstone, white and glistening, with mica and some little iron; calcareous sandstones; clay, with
cannon-ball concretions; and small seam of grahamite. .........cccoeeieiiaaeiiiieininnanan.. 30
Greensand marls with many Tertiary fossils; nodules of carbonate of lime; specks of glauconite .. 7-8
8tiff, plastic dark-greenish or blue clay, jointed........ ... ... ... ... il 10

We have, therefore, only 3 miles in which there can be any room for deposits intermediate between strata con-
taining fossils of recognized and decisively marine Cretaceous forms and those containing marine Eocene forms, The
average dip does not exceed 100 feet per mile, and we saw nothing in any of the exposures on either bank of the river
in this space to indicate a change until we reached Webb Bluff itself. The entire appearance of the upper portion of
this bluff was so different from that of the materials we had been examining for the three previous days that it was
remarked even before we landed.

Vaughan?® in 1900 said, with reference to the location of the contact in Maverick County,
Tex.: ‘

It is at about the point where the foregoing section was made [4} miles above mouth of San Ambrosia Creek] that
the southern fence of the India ranch pasture is reached. This fence is, according to the statements of a colored
cowboy, between three-fourths of a mile and a mile above the Webb-Maverick county line. Just beyond this
fence, within the India ranch pasture, hematitic concretions containing Venericardia alticostata Conrad and a species
of Glycymeris (Pectunculus) of the type of G. staminea (Conrad) were found intheclays. Alittle farther up theriver
was a large mass of sandstone resting on the clays and containing beautiful specimens of Turritella mortoni. The sand-
stone was so hard that no attempt was made to get the shells out.

1 Penrose, R. A. F., jr., Geol. Survey Texas First Ann. Rept., pp. 38-41, 1889.
2 Dumble, E. T., Geol. Soc. America Bull., vol. 3, pp. 228, 229, 1892.
8 Vaughan, T. W., Reconnaissance in the Rio Grande coal flelds of Texas: U. 8. Geol. SBurvey Bull. 184, pp. 38-39, 53, 1900.
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From 14 to 2 miles above the fence referred to the thinly bedded sands and clays are seen to be underlain by thinly
bedded sands, passing downward into thin ledges of soft sandstone.

This has carried the Eocene to a point at least 2 to 3 miles above the Webb-Maverick countyline. The horizon of
the Eocene is Midwayan. The following five species of fossils were collected [list revised by Mr. Vaughan]:

Turritella mortoni Conrad.

Ostrea crenulimarginata Gabb.
Glycymeris (Pectunculus) sp. indet.
Venericardia planicosta Lamarck (var.).
Venericardia perantiqua Conrad?.

Harris has identified from the Dumble-Penrose collection made 3 miles below the Webb-Maverick county line
foesils that are probably Midwayan, lower Eocene, but the writer has been unable to obtain a list of the species
found there. Harris® says: ‘‘We should note the peculiar fauna, Midway, in part at least, found by Dr. White 18 miles
southeast of Eagle Pass. It consists of Cucullza macrodonta (perhaps saffordi), Pectunculus, and Venericardia. The
shelly matter of these species is completely crystallized. The matrix was evidently a calcareous light sand or
sandstone.”’

* * * * * * *

From the foregoing discussion of the Eocene-Cretaceous contact and from the sections of the Eocene it has already
been made evident that there is not yet sufficient data to trace accurately the boundary between the Cretaceous and
the Eocene. This boundary crosses the Rio Grande some miles, at least 4 or 5, above the north line of Webb County;
it runs northeastward 1 or 2 miles northwest of India ranch, and passes some 16 miles west of Carrizo Springs. From
here the boundary continues northeastward and crosses the Nueces River about the north line of Zavalla County. It
continues north of east to the Frio River, crossing that stream 2 miles below the Engelmann ranch, and 6 miles, in a
straight line, north of the south line of Uvalde County. The last-mentioned point is the only absolutely determined
contact. The others are supposed or inferred from the data at hand.

In 1903 Dumble ? took exception to Vaughan’s statement in regard to the exact geographic
position of the exposures from which he (Vaughan) obtained certain Eocene fossils and endeav-
ored to show that these exposures were probably close to Webb Bluff.

Additional statements with reference to the Cretaceous-Eocene contact along the Rio
Grande were made by Dumble® in 1911 as follows:

Major Emory, in the first part of the Boundary Survey report, on page 68, gives a description of Las Isletas and
the falls of the Rio Grande, with a full-page illustration opposite. This description would indicate that the falls of
the Rio Grande and Las Isletas were the same. The truth is that Las Isletas is located about the mouth of Castano
Creek, while the falls are some 4 miles lower down the river, just below the mouth of Caballero Creek.

It will thus be seen that our collections were made from localities directly on the line of travel of the Boundary
Survey party, and it seems highly probable that the original specimens described by Conrad were in reality obtained
from these same beds.

The horizon is the uppermost portion of our Escondido beds. The fossils are among the latest Cretaceous forms
of which we have any present knowledge in this region.

The Cretaceous-Eocene contact is well shown 3 miles below Toro Colorado, just above the falls of the Rio Grande
and on Caballero Creek.

The only other records I can find of any of these forms are as follows:

Prof. G. D. Harris, in ‘ The Tertiary geology of southern Arkansas,’ gives a list of fossils collected by Dr. C. A.
White, in 1887, at his camp 18 miles southeast of Eagle Pass, Tex., which were supposed to be basal Tertiary. Among
these there is a Cardium which Mr. Harris figures both in this paper and later with his Midway fauna, ‘Bulletin of
American Paleontology, No. 4,”” without giving it a specific name.

This camp was probably at the Eagle Pass-Laredo road crossing near the junction of Cuevas and Pena creeks, and
on or near the Cretaceous-Tertiary contact. The Cardium is unquestionably the Cardium congestum of Conrad, while
the other forms named by Prof. Harris are from the overlying Midway.

The fossils obtained by White 18 miles southeast of Eagle Pass, as determined by Harris,!
are Cucullza macrodonta (Whitfield), Pectunculus sp., Venericardia sp., and Cardium sp.

Dumble, in the paper published in Science just cited, does not state the position of the
fossil localities described with reference to the Webb County line, but Las Isletas (or Las Islas),
which he says is located about the mouth of Castano Creek, is in Maverick County, approximately
7 miles by the river above the Webb County line; according to his further statement, this would
place the intersection of the Cretaceous-Eocens contact with the Rio Grande about 3 miles
above instead of 3 miles below the county line.

1 Harris, G. D., The Midway stage: Bull. Am. Paleontology, vol. 1, pp. 127-128, 1896.
t Dumble, E. T., Geology of southwestern Texas: Am. Inst. Min. Eng. Traas., vol. 33, pp. 931, 832, 1903.
3 Dumble, E. T., Redlsc(!very of some Conrad forms: Science, new ser., vol. 33, p. 971, 1911.
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In the autumn of 1912 the writer made investigations in Maverick
County which resulted in the exact determination of the Cretaceous-Eocene
contact along the river and the approximate determination of the outcrop
of the contact northward through the county. (See Pl. XV.)

The accompanying profile section (fig. 19) shows roughly the struc-
ture and stratigraphic relations of the beds exposed between White Bluff,
5 miles above the Webb County line, and a prominent westward-facing
bluff about 2 miles above the county line. The succession is as follows:

Section on Rio Grande below White Bluff, Maverick County, Tex.

Pleistocene (terrace deposit): Feet.
g. Gray massive loamy sand, with a band of pebbles along the
basein places...............ooiiiiiiiiiiiiiiiiiiiiia, 20-50
Unconformity.
JPliocene or Pleistocene (Uvalde formation):
/. Thin surficial covering of gravel, in places cemented with a

white spongy matrix of lime........................ ... 34
Unconformity.

Eocene:
Sandstone of Midway or Wilcox age:
e. Irregularly bedded medium to coarse grained sandstone,
: with subordinate thin laminated layers of gray clay;
includes some thick, relatively short massive lenses
of sandstone, but in the main the rocks are cross-
bedded. Vegetable particles and small pieces of lig-
nite are common. At one place there is a basal con-
glomerate 2 or 3 feet thick composed chiefly of peb-
bles of iron carbonate derived from the concretions
in the underlying strata () ...............o.cooo... 150+
Unconformity; sharp contact, undulating shghtly
Midwey formation:

d. Massive dark-gray (light gray or greenish gray where
weathered), more or less argillaceous and glauconitic,
slightly indurated sand, with harder ledgesat intervals
of 5 to 15 feet. Subordinate layers of shaly clay were
noted. Concretions of iron carbonate are common in
the upper 50 feet and in places occur in layers. Fos-
sils were found at the points indicated (field Nos.
304 and 305; see lists on p. 173)................ 150-200

¢. Gray fossiliferous limestone in layers 1 to 1} feet thick,

interbedded with greenish-gray sand in layers1 to 2
feet thick; becomes sandy and glauconitic in the basal
portion, which also contains some balls and fragments
of clay derived from the underlying Cretaceousstrata.
.Fossils obtained from the limestone are enumerated on

rength of section arwue o wuwe

FIGURE 19.—Profile section along the left bank of the Rio Grande from White Bluff, Maverick County, Tex., about 5 miles above the Webb County line, downstream to the prominent westward-facing

bluff 2 miles above the county line. For details see text.

Unconformity; contact sharp and undulates slightly.
Upper Cretaceous (Esacondido formation):
b. Greenish-gray shaly clay with crystals of gypsum; contains
a few interbedded lenses of fine greenish-gray sandstone;
grades downward into next layer....... ... ... c.... 38
a. Greenish-gray glauconitic sand, partly indurated to nodular
layers; contains numerous Upper Cretaceous fossils (see list
On P. 178) e 40

At White Bluff (see map, P1. XV), at the upstream end of the profile
section, the Cretaceous-Eocene contact is clearly exposed for a distance of
several rods (see Pl. XVI) and lies 90 or 95 feet above the river. At the
upstream end of the prominent part of the bluff the base of the Eocene
limestone is faulted down 25 or 30 feet below the position shown in the
photograph. The section is as follows:
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B.

CRETACEOUS-EOCENE CONTACT ON THE RIO GRANDE AT WHITE BLUFF,
MAVERICK COUNTY, TEX.

About 5 miles above the Webb County line. The contact lies at the base of the
projecting ledge of rock.
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A. CONTACT BETWEEN THE MIDWAY FORMATION AND OVERLYING SAND-
STONE OF MIDWAY OR WILCOX AGE ON THE RIO GRANDE IN
MAVERICK COUNTY, TEX.

About 23 miles above the Webb County line.

B. SANDSTONE OF MIDWAY OR WILCOX AGE IN A PROMINENT WESTWARD-
FACING BLUFF ON THE RIO GRANDE IN MAVERICK COUNTY, TEX.

About 2 miles above the Webb County line.
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Section at White Bluff, Maverick County, Tex.

Pliocene or Pleistocene (Uvalde formation): Feet.
5. Gravel cemented with a white spongy matrix of lime......... e eeeteacecseicenasenecnsonaes 1
Unconformity.

Eocene (Midway formation):
' 4. Gray fossiliferous limestone in layers 1 to 2} feet thick, interbedded with greenish-gray sand in
layers 1 to 2 feet thick. ‘The immediate base of the limestone is sandy and in places strongly
glauconitic and contains balls and fragments of the underlying Cretaceous clay, present as a
mechanical mixture. The limestone contains the following Eocene fossils (field No. 301),
identified by T. W. Vaughan: Leda sp., Cucullza macrodonta Whitfield, Cytherea ripleyana
Gabb, Venericardia smithii Aldrich, and Venericardia perantiqua Conrad (U. 8. G. 8.
collection 6575). A costate Anomia (field No. 302), probably derived from the underlying
Cretaceous, is present as a mechanical mixture in the immediate base of the limestone..... 12
Unconformity; contact sharp and undulates slightly. ’
Upper Cretaceous (Escondido formation):
3. Greenish-gray shaly clay with crystals of gypsum. Contains a few interbedded lenses of fine
greenish-gray sandstone. Grades downward into next layer................cccociaaan... 38
2. Greenish-gray glauconitic sand, partly indurated to nodular layers. Contains numerous
Upper Cretaceous fossils, including Ostrea cortez Conrad, Cardium sp., numerous poorly
preserved gastropods, and Sphenodiscus pleurisepta Conrad (field No. 303)................. 40
1. Concealed to Water’s @dge. - .. ...ttt ittt 15

According to Mr. Vaughan, the fossils in layer No. 4 indicate the Midway age of the stratum.

The next place examined on the river was at a point about 1 mile below White Bluff and &
quarter to half a mile below the Blesse ranch house, which is on the Mexican side. (See map,
Pl. XV, and profile section, fig. 19.) Here the basal Eocene limestone, which is so prominently
exposed near the top of White Bluff, dips below water level in the river bed. The rock is well
exposed on the Texas side of the channel and extends for a considerable distance out into
the river, which has cut a relatively narrow channel through the rock parallel to and near the
south bank.

The writer was not able positively to identify the ‘“falls of the Rio Grande” described by
Dumble and others, but at this point a rise of the river a few feet above the ordinary low-water
stage would result in more conspicuous rapids at the outcrop of this Eocene limestone than
would be produced by other ledges of Cretaceous and Eocene rock which appear at many places
in the bed of the river at low water, both above and below this point. It therefore seems
likely that this is the so-called falls.

The base of the limestone is not exposed, but the thickness was estimated to be 10 or 15 feet.
The inference is probably justified that here, as at White Bluff, the Cretaceous-Eocene contact
lies immetiately below the limestone, and the contact would therefore cross the river directly
above the outcrop of the rock in the river bed. The limestone contains Venericardia sp. and
other Eocene forms. The surface of the rock in the river bed has been strongly potholed and
presents a rough, jagged appearance. (See Pl. XIV, B.)

A nearly continuous series of exposures appears along the left bank of the river from this
point downstream to the prominent westward-facing bluff indicated on the map, a distance of
about 2 miles. The beds overlying the limestone (division d of profile section, fig. 19) dip
downstream at the rate of at least 100 feet to the mile. In dark greenish-gray glauconitic sand,
estimated to be 30 or 40 feet above the base of this division, a few black casts of gastropods
and Venericardia sp. were collected (U. S. G. S. collection 6576; field No. 304), and about 35
feet below the top of the division black casts of Venericardia sp. (U.S. G.S. collection 6577;
field No. 305) were obtained. The beds of this division are of purely marine origin, as
shown by the fossils and the glauconite.

The marine division is overlain unconformably (see Pl. XVII, 4) by irregularly bedded
sandstones (division e, fig. 19), which form the major part of the prominent westward-facing
bluff at the downstream end of the section. (See Pl. XVII, B.) This bluff rises 100 or 110 feet
above water level (aneroid reading), but only the upper 60 or 70 feet is well exposed. Inter-
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bedded with the coarse sandstones in this section is a band of gypsiferous shale 10 to 15 feet
thick, the top of which is about 20 feet below the top of the sandstone. The gypsum occurs
in seams and separate crystals. The relation of these irregularly bedded sandstones to the
typical Carrizo sandstone of Owen! has not been determined, but they probably occupy a lower
stratigraphic position, being equivalent in age either to a portion of the typical Midway
group of Alabama or to the lower part of the overlying Wilcox group. The highest part of
the bluff is capped by 3 or 4 feet of surficial gravel of the Uvalde formation.

Mr. Vaughan has informed the writer that the fossils enumerated in United States Geo-
logical Survey Bulletin 164, page 38, were found in beds below the typical Carrizo sandstone
of Owen, and they may have come from the strata represented by division d of the profile section
(fig. 19). According to Mr. Vaughan, the fossils indicate the Midway age of the containing
beds. No fossils were found in division e of the section, and therefore no additional evidence
regarding its age can be presented.

The next exposure examined on the Rio Grande was a prominent westward-facing bluff
4 miles nearly due west or perhaps a little south of west of the Jacal ranch house and about
9 miles above the Maverick-Webb county line. The section is as follows:

Section at westward-facing bluff on Rio Grande about 9 miles. above the Maverick-Webb county lire.
[Station 1 on the map, Pl. XV.]

Pliocene or Pleistocene (Uvalde formation): Feoet.
B. Gravel. ... ...ttt eeiieiaeieiaceiecaaaaaaaaaaas 10

Unconformity.

Eocene (Midway formation):

5. Greenish sandy clay, with indurated layers a few feet apart, weathered and poorly exposed. 20
4. Hard gray limestone in layers 1 to 2 feet thick, with interbedded thinner layers of greenish
fine, slightly indurated sand. The limestone is replete with Venericardia sp., Cucullzea
8p., and other Eocene fossils (field No. 306a). A costate Anomia derived mechanically
from the underlying Cretaceous strata occurs in the base of the limestone............. 13
Exact contact not clearly exposed.
Upper Cretaceous (Escondido formation):
8. Greenish-gray shaly gypsiferous clay, with subordinate interbedded thin layers and some
thicker layers of fine hard gray sandstone weathering greenish gray................... 35
2. Greenish-gray massive marine sand, slightly indurated, some layers more indurated than
others, and forming slightly projecting ledges. Fossils are numerous and the following
were recognized: Breviarca sp., Ostrea cortex Conrad, Anomia sp. (with costse), Mactrasp.?
and Sphenodiscus sp. (field No. 306)........c.ounoiiiiiiiiiiii it iiaiaaaaas 50
1. Concealed by talus and Recentalluvium....... ... ... ... ... . iiiiiiiiiiiiaa... 35

The Cretaceous-Eocene contact is here about 120 feet above the water level of the river.
The description given applies particularly to the upper end of the bluff, where a good exposure is
afforded by the northwestward-facing side of a short gully. Good exposures of the fossiliferous
beds of the Escondido formation (layer 2 of the section) extend southward for half a mile or
more along the bluff.

A wire fence cxtends from the Jacal ranch house in a direct line west of south to White
Bluff (see Pl. XV), and about 3 miles from the ranch house crosses a low peak, the top of which
is nearly as high as the general level of the upland in the vicinity of the ranch house (200 feet
or more above the river). The sandstone of Midway or Wilcox age is fairly well exposed in
the upper 40 feet of this peak and conbsists of rather soft medium to coarse gray shaly sand-
stone with several moro massive layers forming ledges. A few indistinct impressions of small
pelecypods were noted.

Near the same fence, on the crest of a gravel-covered ridge, about 1% miles from the Jacal
ranch house, poorly preserved prints of Venericardia sp. were found in a partly exposed ledge
of hard calcareous ferruginous sandstone.

A number of observations having an important bearing on the location of the Cretaceous-
Eocone contact in Maverick County were made along tho road leading from the Jacal ranch

1 Owen, J., Texas Geol. Survey First Rept. Progress, pp. 70-73, 1889.
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house to Eagle Pass by way of the Biboro tank. (See map, Pl. XV.) About 6 miles from the
ranch house (station 2, P1. XV) a poor exposure of gray sandstone corresponding to the sandstone
of Midway or Wilcox age shown in division e, figure 19, was observed in a small branch near
the road, and associated with it were fragments of rock exhibiting cone in cone structure.
Fragments of similar sandstone were noted along the same road for the next 3 miles toward
Eagle Pass. From about the tenth to the eleventh mile from the ranch house the road where it
cuts through the surficial loams and gravels of the Uvalde formation reveals greenish to yellowish
clays, locally ferruginous and containing concretions of iron carbonate in different stages of oxi-
dation. In ferruginous material, about 11 miles from the ranch house (station 3, Pl. XV),
prints of Venericardia sp. (U. S. G. S. collection 6578; field No. 307), identified by C. W. Cooke,
were obtained. .

The next important exposure studied was at the crossing of Biboro Creek just below
Biboro tank (station 4, Pl. V), which is estimated to be about 18 miles by the wagon road from
Eagle Pass. The bed of the creek at the road crossing is about 20 feet below the general level
of the surrounding upland. Ledges of hard gray fossiliferous limestone and greenish-gray
calcareous sandstone crop out below the dam of the tank. From the limestone fossils were
collected and identified by T. W. Vaughan and C. W. Cooke as follows: Cucullza macrodonta
Whitfield, Lucina sp., Cytherea ripleyana Gabb, Venericardia perantiqua Conrad var. smithii
Aldrich %, and Enclimatoceras sp. nov. (U. S. G. S. collection 6583; field No. 308).

The rock corresponds exactly in its lithologic and faunal character to the basal Eocene
limestone exposed along the Rio Grande south and west of the Jacal ranch house (division ¢
of the profile section, fig. 19). The exact base of the limestone was not discovered. According
to Messrs. Vaughan and Cooke the fossils indicate the Midway age of the containing bed.

Within less than half a mile of Biboro Creek in the direction of Eagle Pass (station 3,
Pl. XV), fragments of fine greenish-gray sandstone belonging to the Escondido formation of
the Upper Cretaceous were noted along the road. In descending the northwestward-facing
slope of Cuevas Creek, about 1} miles from Biboro tank, the roadbed reveals greenish-gray,
more or less argillaceous, slightly indurated sand, in which some layers are more indurated
than others and form ledges. The rock is fossiliferous and the following poorly preserved forms
were collected: Breviarca sp., Ostrea cortex Conrad, Anomia sp., Cardium sp., Mactra sp.?,
and Sphenodiscus pleurisepta Conrad (field No. 309). These are characteristic species of the
Escondido formation. Similar beds are exposed in the bed of Cuevas Creek at the road crossing,
and here a few well-preserved specimens of Sphenodiscus sp. were collected (field No. 310).

Although the base of the Eocene limestone was not seen in the vicinity of Biboro tank, the
appearance of Cretaceous strata within less than half a mile to the northwest shows that the
contact between the two systems lies a short distance west of the tank, and it must intersect
Biboro Creek below the road crossing, possibly within a few rods. Between Cuevas Creek
and Eagle Pass the only strata exposed, except the surficial gravels and loams of the Uvalde
formation, belong to the Upper Cretaceous.

The next place north of Biboro tank at which data bearing on the geographic position of
the contact were obtained was in the valley of Picoso Creek between the Chimeneas ranch
house and the Joe Williams ranch house. (See map, Pl. XV.) Aside from the surficial loams
and gravels of the Uvalde formation, the only rocks observed along the road from Eagle Pass
to the Chimeneas ranch house belonged to the Upper Cretaceous. A few hundred yards east of
this ranch house (station 6, Pl. XV) a layer of hard nodular fossiliferous limestone crops out in
the bed of a small creek and along the gentle bordering slopes and yielded specimens of Ezogyra
costata Say and Cardium spillmani Conrad? (field No. 314). The rock therefore belongs to the
Escondido formation of the Upper Cretaceous. Similar rock was observed in the bed of the same
creek about a mile east of the ranch house, and also in the bed of Picoso Creek at a road crossing
about 2} miles northeast of the ranch house (station 7, P1. XV), where poorly preserved specimens
of Erxogyra costata Say were noted.
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From the crossing of Picoso Creek along the road northward for 2 or 24 miles and then
eastward toward the Joe Williams ranch house (see P1. XV), poor exposures of sandstone of the
Escondido formation were noted here and there to a point within about 1 mile west of the
ranch house, beyond which the road was heavy with sand. In the immediate vicinity of the
ranch house several small exposures of gray, rather coarse sandstone having the characteristics
of the sandstone unconformably overlying the marine Midway on the Rio Grande (division e,
fig. 19), were observed. From the Joe Williams ranch house southward to Picoso Creek, a
distance of 2 or 2} miles, several small outcrops of this sandstone appear along the road. A
fairly good exposure of the same formation was found in the bed of a small branch, perhaps 2
miles south of the ranch house (station 8, Pl. XV). Here the rock consists of soft medium to
coarse grained irregularly bedded massive to thin-bedded sandstone, containing numerous
grains, films, and small balls of white clay, and on weathering the surface is mottled with red.

These observations indicate that the Cretaceous-Eocene contact lies about 1 mile west of
the Joe Williams ranch house. The intersection of the contact with Picoso Creek is probably a
little west of south of the ranch house.

A few small outcrops of the gray sandstone corresponding to division e of figure 19 appear
along the road leading west of north from the Joe Williams ranch house to the Burke ranch
house, & distance of 3 or 4 miles. The same sandstones were noted in small, inconspicuous
exposures at numerous places along an abandoned roadway which leads in a general northerly
direction from Burke’s ranch house across Chacon Creek to Black’s ranch house, an air-line
distance of 5 or 6 miles. They were seen also about 1 mile northwest of Black’s ranch house
(station 9, Pl. XV) in several small exposures in and near the road leading toward the Salado
ranch. No significant exposures were found beyond these outcrops, but specimens of Spheno-
discus sp. were observed loose in the bed of a small creek about 1} miles a little north of east of
the Salado ranch house. '

At an abandoned tank on Salado Creek just south of the Salado ranch house along the
Eagle Pass-Uvalde road (station 10, P1. XV) typical sandstones of the Escondido formation
were examined. The rock is a gray hard, more or less calcareous sandstone and contains fossils
among which were recognized Breviarca sp., Ostrea cortex Conrad, Gyrodes sp., and two species
of Sphenodiscus (field No. 315).

From the Salado ranch house along the road running 4 or 4} miles in a southeasterly direc-
tion to Chiltipin tank, which is situated in a small valley draining eastward (station 11, P1. XV)
characteristic sandstones of the Escondido formation were observed in many small outcrops.
Along the sides of the valley below the tank are large masses of hard gray sandstone, weathering
brown, belonging to the Escondido formation. Some lenses are very fossiliferous, but the fossils
are not easily separated from the matrix. The following forms were recognized: Breviarca sp.,
Ostrea cortez Conrad, Anomia sp., unidentified gastropods, and Sphenodiscus sp.

The data above presented show that the outcrop of the Cretaceous-Eocene contact probably
lies within 1 or 2 miles west of the Joe Williams ranch house, and that north of this place the
possible outcrop is limited to an area a few miles wide which lies west of the Burke and Black
ranch houses and east of Chiltipin tank and the Salado ranch house.

As no marine invertebrate-bearing beds corresponding to the strata of the Midway formation
(Eocene), which outcrop along the Rio Grande, were seen in this area, it appears that the gray
sandstones unconformably overlying the marine Midway deposits on the Rio Grande have
here transgressed westward, concealing the marine Midway strata and resting upon the Escon-
dido formation (Upper Cretaceous).

ZAVALLA AND UVALDE COUNTIES.

Vaughan ! has approximately determined the Cretaceous-Eocene contact in the north-
western part of Zavalla County and the southern part of Uvalde County as far east as Frio
River and exactly at one locality on Frio River. The only additional data resulting from the

1 Vaughan, T. W., Reconnaissance In the Rio Grande coal flelds of Texas: U. 8. Geol. Survey Bull. 164, pp. 53, 54, P1. I, 1900; U. 8. Geol. Sur-
vey Geol. Atlas, Uvalde folio (No. 64), pp. 2, 3, 1900; idem, Brackett folio (in preparation).
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writer’s field studies west of Frio River relate to certain outcrops west of south of the old Fenley
ranch house. About 4} miles south of the Eagle Pass and Uvalde road, near the Zavalla-
Maverick county line, about a quarter of a mile south of a new ranch house (station 12, Pl
XYV), is a small exposure of hard gray quartzite-like rock showing faint stratification lines
and having the characteristics of the gray Eocene sandstones on the Rio Grande shown in
figure 19, e. About 14 miles north of this point, near the road leading northward to the Uvalde
and Eagle Pass road (station 13), are several small outcrops of rock typical of the Escondido
formation of the Upper Cretaceous (‘‘Pulliam” formation of Vaughan), consisting of hard
greenish-gray fine-grained calcareous sandstone. These data limit the possible outcrop of the
contact to a belt less than 2 miles wide.

The writer has examined some of the fossils which were obtained by Vaughan from his
Myrick formation just above the Cretaceous-Eocene contact on Frio River in the southeastern
part of Uvalde County, 2 miles below Engelmann’s ranch, and which he states indicate the
Midway age of the strata in which they were found. The matrix is a weathered glauconitic
phase of the basal Eocene (Midway) limestone, division ¢ of the profile section given in figure 19.
The Myrick formation, which Vaughan estimates to be 800 feet thick, must therefore include
strata belonging to the Midway formation and to overlying undifferentiated Eocene formations.
The fossils collected and identified by Vaughan from the basal stratum of the Eocene at this
locality are the following (U. S. G. S. collection 3181):

Cuculleea saffordi (Gabb). Venericardia sp. Turritella humerosa Conrad.
Ostrea crenulimarginata Gabb? " Lucina sp. Turritella mortoni Conrad.

Ostrea pulaskensis Harris. Cytherea sp. Levifusus trabeatus (Conrad) var.?
Venericardia perantiqua Conrad. Natica sp. Nautilus sp. nov.

In the eastern part of Uvalde County the Cretaceous-Eocene contact was determined by
the writer to be in the northwestward-facing slope of Elm Creek near the Schuddemagen ranch
house, which is just north of the junction of the creek with Sabinal River. (See map, fig. 20.)
With the exception of & prominent limestone ledge (layer 4 of the section below; see also Pl
XVIII, A) the strata forming the hill are not well exposed, but by a close inspection of small
outcrops along the slope the following section was determined:

Section in northwestward-facing slope of Elm Creek near the Schuddemagen ranch house, 11 miles south of Sabinal, Tex.
[Station 14, fig. 20.]

Pliocene or Pleistocene (Uvalde formation): Feet.
6. Gravel, not well exposed........ ... ... .. il et 20
Eocene (Midway formation):

5. Fine greenish-gray, slightly calcareous sand with numerous interbedded thin layers of
sandstone, the whole poorly exposed. At one place the basal 2 or 3 feet is replete with *
Ostrea sp. (apparently new) (U. S. G. S. collection 6278; field No. 247d) ............. 50
4. Massive sandy limestone with poorly preserved fossils, prominently exposed along the
hill slope. Messrs. Vaughan and Cooke have identified the following species from this
limestone: Glycymeris sp., Ostrea sp., Venericardia perantiqua Conrad var. smithii
Aldrich, Cytherea ripleyana Gabb, Natica sp., Turritella mortoni Conrad, Turritella
8p., Calyptraphorus velatus Conrad var., Pseudoliva cf. P. unilineata Aldrich, Phos? sp.,
Pleurotoma sp. (U. S.G. 8. collection 6279; field No.247¢)................coiiann.. 10
Exact Cretaceous-Eocene contact was not observed, but it probably lies at the top of layer 3.
Upper Cretaceous (Escondido formation = ‘‘Pulliam ” formation of Vaughan):

3. Fine greenish-gray calcareous sand, poorly exposed............cccoiiiiiaiaianannan.. 45
2. Boft greenish-gray fine calcareous sandstone from which were obtained Ostrea sp., Anomia

" sp., and Sphenodiscus sp. (field No. 247a); poorly exposed ..........cceeeemaiennn... 3
1. Greenish-gray fine calcareous sand, poorly exposed... ... ... ....o.ooiiiiiiiiioL.. 18

Layer 4 of the section (Pl. XVIII, A) corresponds in lithologic character to the basal
Eocene limestone exposed along the Rio Grande in the southern part of Maverick County
(division ¢ of the profile section, fig. 19, p. 172), and Messrs. Vaughan and Cooke state that the
fossils indicate the Midway age of the stratum.

Small outcrops of Cretaceous rock were noted at several places between the Schuddemagen
ranch house and Sabinal.
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A. BASAL LIMESTONE OF MIDWAY FORMATION ON SOUTHEAST SIDE OF
ELM CREEK 11 MILES SOUTH OF SABINAL, TEX.

Near Schuddemagen ranch house.

B. EOCENE SANDSTONE IN BED OF HONDO CREEK 3% MILES SOUTH
OF ELSTONE, TEX.
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A. ESCONDIDO FORMATION IN BED OF HONDO CREEK AT ROCK CROSS-
ING, MEDINA COUNTY, TEX.

About 1} miles below the crossing of the road leading east from Elstone. Spheno-
discus (several varieties) occurs abundantly in these strata.

B. BASAL LIMESTONE OF MIDWAY FORMATION ON LEFT BANK OF HONDO
CREEK IN MEDINA COUNTY, TEX.

About a quarter of a mile above the crossing of the road leading east from Elstone.
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Section at Rock Crossing on Hondo Creek, Medina County, Tex.

Pleistocene (terrace deposit): Feet.
7. Heavy bed of gravel with a few feet of loam at thetop. . .......... ... ... ... ..... 15
Unconformity.

Upper Cretaceous (Escondido formation="Pulliam " formation of Vaughan):
6. Layer of brown fine-grained slaty sandstone with thin lenses of coquina in the lower
part; contains poorly preserved foesils............ .. .. ...l 14
5. Fine greenish-gray to yellowish sand with fossils in the lower part . . .. ............... 1}
4. Greenish-gray to brown nodular fossiliferous fine-grained sandstone containing large
numbers of Sphenodiscus. Many square rods of the bed of the creek above the falls

are formed of this rock. ... ... o i iiiiiiiiiiiiiiiiiiiiiiiiiaeaen 1
8. Greenish-gray to yellow fine massive sand which erodes easily .. ..................... 2%
2. Greenish-gray to brown nodular fossiliferous fine-grained sandstone with many speci-

mens of Sphenodiscus. . . . ... ..ol iiieiiiiteeaetaaaaan 1
1. Greenish-gray fine calcareous, irregularly indurated massive sand containing fossils;

erodes easily. . ...l i ciiieeeeieaaaen 5

Layers 1 and 2 form the head of a shallow gorge which is a waterfall when there is running
water in the creek. (See Pl. XIX, A.) Layer 4 also forms a small waterfall a few rods farther
up the creek. '

The following fossils (field No. 221) were obtained from layers 1 to 5 of the section:

Ostrea cortex Conrad. Lunatia? Sphenodiscus pleurisepta Conrad.
Ostrea sp. Turritella sp. Sphenodiscus (several varieties or
Anomia sp. Undetermined gastropods. species).

Cardium sp. Nautilus sp.

About a quarter of a mile below Rock Crossing 12 feet of strata lithologically correspond-
ing to layers 1 to 5 of the section appear in a vertical bluff along the left bank of the creek.
Several fine large specimens of Sphenodiscus were obtained here (field No. 223).

According to these observations, the Cretaceous-Eocene contact must intersect the creek
between stations 16 and 17, which are 2 or 2} miles apart. It is probably nearer station 16
than station 17,

About a quarter of a mile above the crossing of the road leading due east from Elstone
(station 18, fig. 20) the left bank of Hondo Creek exposes 12 or 15 feet of hard, sandy, slightly
glauconitic limestone, somewhat like coquina in appearance. (See Pl. XIX, B.) The rock is
poorly fossiliferous, but Ostrea sp. and Turritella mortoni Conrad? (field No. 219) were recog-
nized. About three-eighths of a mile below this point, one-eighth of a mile below the crossing
of the road leading due east from Elstone, a loose bowlder found in the bed of the creek and
obviously derived from the limestone yielded a few poorly preserved fossils, among which Messrs.
Cooke and Vaughan have recognized the following species (U. S. G. S. collection 6280; field
No. 220):

Leda elongatoidea Aldrich var.? Harris. Venericardia sp.
Glycymeris sp. Cytherea sp.
Ostrea sp. Corbula sp.
Modiola saffordi Gabb. Turritella sp.

The rock is therefore of Eocene age. It has the general appearance of the basal limestone
of the Midway formation noted 74 miles southeast of D’Hanis and near the Schuddemagen
ranch and is believed to correspond to the basal limestone of the Midway exposed on the Rio
Grande in southern Maverick County (division ¢ of the profile section, fig. 19).

Half a mile above the locality just mentioned large masses of gray medium-grained cross-
bedded, slightly calcareous sandstone, weathering brown, appear along the left bank of the
creek (station 19, fig. 20). They are slightly out of place, having fallen from their original
position. These rocks are unlike the fine-grained sandstones of thé underlying Escondido
formation (Upper Cretaceous) and closely resemble some phases of the Eocene in this part
of Texas. The sandstone and the limestone noted a quarter of a mile above the road crossing
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east of Elstone (p. 179), occurring 1} to 2 miles above the Cretaceous strata exposed at Rock

Crossing o Hondo Creek, indicate a fold or fault which brings the Eocene down to the level

of the creek be:d, farther upstream than it would be if the strata were regularly inclined.
About 3 miles upstream from the sandstone just described and 14 or 1§ miles below the San

Antonio and Hondo road crossing (station 20, fig. 20), Cretaceous sand was found exposed in the
right bank of the creek as described in the following section:

Section in right bank of Hondo Creek 14 or 13 miles below the San Antonio-Hondo road bridge.
Pleistocene (terrace deposit): Feet.
3. Brownish massive Joam. . ... ... 20-25

2. Conglomerate composed of pebbles and cobbles of chert and flint with intermixed bowl-

ders and slabs of brownish sandstone; the cementing material is lime..............
Upper Cretaceous (Escondido formation):

1. Fine greenish-gray argillaceous sand, in part cemented into a rather soft sandstone. . . . 2

A few hundred. yards above this exposure numerous large slabs of gray sandstone, weather-
ing brown, appear in the bed of the creek, and though not seen in place they mark the outcrop
of a ledge of sandstone of the Escondido formation. With the exception of Pleistocene terrace

deposits, no strata younger than Cretaceous were observed along Hondo Creek between the
locality last described and the Balcones escarpment.

SUMMARY OF RESULTS IN SOUTHWESTERN TEXAS.

The data set forth on the preceding pages show that along the Rio Grande in the southern
part of Maverick County the following succession of formations exists:

General section on Rio Grande in southern Maverick County, Tez.
Eocene:

Sandstone of Midway or Wilcox age:

4. Irregularly bedded medium to coarse sandstone, with interbedded layers and

lefxsea of clay (maximum thickness not determined).
TUnconformity.

Midway formation:-
3. Massive dark-gray, more or less argillaceous and glauconitic, slightly indurated
sand, with harder ledges at intervals of 5 to 15 feet and with subordinate layers

of shaly clay; concretions of iron carbonate in upper 50 feet; contains some  Feet.
poorly preserved marine fossils of Midway age. . .....

dtececcensccecccnneaeaea. 150-200
2. Gray fossiliferous limestone, with interbedded thinner layers of greenish-gray
sand; contains marine fossils of Midway age. . .......cccieiiiiiiaiieeanaa... 12- 13
Unconformity.
Upper Cretaceous:
Escondido formation:

1. Greenish-gray shaly clay conformably underlain by greenish-gray glauconitic,
partly indurated sand containing characteristic Upper Cretaceous fossils. (Total

thickness of formation estimated by Dumble to be 3,300 feet, but probably
much less.)

The basal limestone of the Midway formation has been traced eastward as far as Hondo
Creek, Medina County, the underlying formation being the Escondido formation of the Upper
etaceous., In an area including the northeastern part of Maverick County, the northwestern
Part of Zavalla' County, and the southwestern part of Uvalde County the Midway appears
to be completely overlapped by a northwestward transgression of younger sandstone of Midway
or Wilcox age.

The lower part of the Escondido formation of southwestern Texas certainly corresponds
to at least a part of the Exogyra costata zone of tho eastern Gulf region. Ezogyra costata Say
has not been found in the upper part of the Escondido formation, and it may be that that part
is somewhat younger than this zone. The fauna of the formation has not been critically studied,
but the ammonite Sphenodiscus pleurisepta Conrad ranges throughout practically the whole
thickness of the terrane, being most abundant near the top, where it is represented by several
varictics, The fauna is therefore strictly Mesozoic in its aspects, and in a geologic sense the
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upper part of the Escondido is not very much younger than the Ezogyra costata zone. These
uppermost strata probably do not appreciably bridge the great hiatus between the Cretaceous
and Eocene.
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THE HISTORY OF A PORTION OF YAMPA RIVER, COLORADO, AND
ITS POSSIBLE BEARING ON THAT OF GREEN RIVER.

By E. T. HaNcock.

Few regions offer more interesting geologic problems relating to drainage than the Uinta
Mountains, in Utah and Colorado, and the arza immediately east of them. In fact, the writer’s
attention was primarily attracted to this field by the diversity of opinion regarding the ante-
cedent origin of Green River. Although the present paper deals mainly with that portion of
Yampa River 2ast of Juniper Mountain, the conclusions reached are believed to have a definite
bearing on the Green River problem itself. The paper is introduced by a brief discussion of
the structural features of the region east of the Uinta Mountains, for a clear understanding of
the relation of the minor uplifts to the great Uinta fold will better enable the reader to appreciate
the possible bearing which the writer’s conclusions may have in the solution of that problem.

The main range of the Uinta Mountains is a broad, flat-topped anticline, which has an
easterly trend and a length of over 150 miles and which separates the Green River Basin on
the north from the Uinta Basin on the south. The conspicuous portion of the Uinta fold
terminates in northwestern Colorado, but along the continuation of its axis to the east lies
a long, gentle anticline which reaches the foothills of the Park Range. This anticline was called
by White ! “ths inceptive portion of the Uinta fold.” The axis of the anticline is coincident
with the low, broad valley known as Axial Basin, and in a recent report Gale ? refers to it as
the Axial Basin anticline. According to White, along the eastern end of the main fold the
strata abruptly dip east beneath the younger Tertiary beds. Upon the Axial Basin anticline
have been developed two local uplifts which he called the Junction Mountain upthrust and
the Yampa Mountain upthrust. These he regarded as the result of a locally intensified applica-
tion of the same force by which the main fold was elevated. The peculiar relation which exists
between these two ‘“upthrusts” and the course of Yampa River renders it necessary that the
reader shall clearly understand their character.

According to White,® the western base of Junction Mountain is 2 or 3 miles east of the
east end of the main Uinta fold. There the same strata that plunge down on the east side
of the Uinta Range rise even more abruptly, and the Paleozoic formations which constitute
the high mountain peaks of the Uinta Range are uplifted to & maximum height of nearly 2,000
feet above the surrounding lowland. White says that the strata involved in the Junction
Mountain uplift occupy an elongate oval area, the longer diameter of which is nearly 12 miles
and the shorter about 4 miles in length. The direction of the longer diameter, being approxi-
mately northwest, is obliquely transverse to the general direction of the axis of the main fold.
White ¢ describes Juniper Mountain (then known as Yampa Mountain) as another ‘‘upthrust”
of the Paleozoic formations which also rises directly upon the axis of the inceptive fold. It
is likewise oval in outline, and has a longer diameter of about 7 miles and a shorter diameter of
less than 4 miles. The longer diameter is almost at right angles with that of the Junction
Mountain “upthrust” and nearly transverse with the inceptive portion of the Uinta axis. The
Uinta Mountain uplift involves many thousand feet of sedimentary rocks of Paleozoic, Mesozoic,
and Cenozoic age. According to Powell,® the great mass of the Uinta Range is composed of

1 White, C. A., On the geology and physiography of a portion of northwestern Colorado and adjacent parts of Utah and Wyoming: U. S. Geol.
Survey Ninth Ann. Rept., p. 682, 1889.

1 Gale, H. 8., Coal fields of northwestern Colorado and northeastern Utah: U. 8. Geol. Survey Bull. 415, p. 97, 1910.

3 White, C. A., op. cit., p. 701.

4Idem, p. 702.

s Powell, J. W., Report on the geology of the eastern portion of the Uinta Mountains and a region of country adjacent thereto, p. 141, 1876.
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»z108 of what he called the *“Uinta group.” The map given by White,' compiled in part
ey “.,_o published maps of Powell, Hayden, and King, shows the Junction Mountain and
1< Mountain uplifts as being composed mainly of carboniferous beds, with a small area
g 2 = o-cslled “Uinta’’ quartzite outcropping near the summit in each uplift. Clearly, then,
s : < < essential difference between the two local uplifts and the main Uinta Mountains uplift
“:,1"' =of fm"gmtude. The relation of some ot the recent Tertiary formations to these uplifts
P discussed later. Readers desiring a terse description of the course of Green River

>* > g > ep the Uinta Mountains are referred to White’s report.?
Y 285 o course of Green River across the uplifted Paleozoic rocks of the Uinta Range with
LS o p"iislzegard for structure is so remarkable as to arrest the attention of every observer.
- oubar course of the river is even more striking in view of the fact that apparently it
R L o y have gone east of the uplift, making its channel in the soft formations of the low-
o SOy ﬁut the course of Green River through the Uinta Range is no more remarkable than
ﬂ‘g, £ the Yampa, which, empties into Green River from the east, in its relation to the Junc-
T, & ouvnts and Juniper Mountain uplifts. Yampa River has its origin among the moun-
e »E g the Park Range, where its numerous tributaries flow as turbulent streams through
5'10:;9 %eﬁles and narrow valleys. Emerging from the foothills of the Park Range, it enters a
Wiy oF 1es8 OPeN country and traverses the formations involved in the Axial Basin anticline
yo< O o JULPE uplift with apparent disregard for rock structure. Throughout most of this
w° a3 01?" 3t8 ©0Urse, Which leads diagonally across the strike of the beds upturned along the north
o% pe Axisl Basin anticline, it has developed well-defined intrenched meanders. Finally
ned the hard Pl.\leo.zoic metamorphosed limestones and sandstones of Juniper Mountain,
Y snstesd of continuing in the soft beds around the north end of the uplift, it swings south-
ad outs its way by means of a short canyon through the hard Paleozoic rocks that form
e “"_ ¢h flank of the uplift. From Juniper Mountain the river flows quietly over the lowlands
‘t’ho n< al Basin t0 Junction Mountain, which it cuts through in a similar manner. The oppor-
ooms 10 have been especially favorable for the Yampa to join Snake River near the
wn?t Y nd of Junction Mountain, for it trends in that direction throughout more than half its
nort? " aper lenving J uniper Mountain. Instead of that, however, it makes a distinct bend

N,“r-“‘w “Fg,wnr«l to Junction Mountain, and without swerving to the nght or left cuts thropgh

porsth? " yrnedd wtrate of hard rock in a narrow canyon, the almost perpendicular walls of which,

the ul“ gt 10 White, reach a maximum height of 1,000 to 1,200 feet above the lowland at either

M“""'"' tha canyon. Beyond Junction Mountain the river flows quietly for about 10 miles.

endt ¢ fo 1aly Park. .Thon instead of joining Green River by way of the lowland on either the

phrott¥ . the nouth side of the Uinta Range it boldly enters the east end of the range itself by

porth ¢ phe upturned strata, as in the two uplifts previously described. The remainder of

erost Lpta CONO 18 through a narrow canyon, in places 13200 feet deep, which opens into the

on oA )rmm( :llv;li r;(())r;l;east of the point where that river emerges on the south side of the
eany e (Ses PL .

'”»::“im,rmlm:tion to the discussion of the drainage east of Juniper Mountain, the views
As » heen held by some of the earlier geologists regarding the origin of Green and Yampa
that bn? l | b very briefly stated. Powell,® as a result of his early explorations, says that the
‘o ,:b" ;nidant that Green River cut its own channel and that it was running before the moun-
" . formed —*that the river did not cut its way down through the mountaing from a
W’; ,',, any thousand feet above its present site, but, having an elevation differing but little
{1 what it now has, as the fold was lifted it ?leued away the obst.mct?on by cutting

orn nd the walls were thus elevated on either side.” The antecedent origin of certain
pone Lop valleys of the great Rocky Mountain region h.ad previously been suggested by Hay-
f “'f 'i,' n paper read in May, 1896, Irving ® says: “It is a fact no longer disputed that these

"(. ':,.?. ‘
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5

wetal A oy, cit., P OBA.

o :¢‘ ,"':' - xploration of the Colorado River of the West and its tributaries, p. 152, 1875.

o, I‘ ",' Am. Jour. 8ci, vol. 33, May, 1862; U. 8. Geol. Survey Terr. 8ixth Ann. Rept., for 1872, p. 85, 1873.

e b stratigraphical relations of the Browns Park beds of Utah: New York Acad. Scl. Trans., Vol 15, p. 263, 1896,
o g, v c
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deep canyons in the quartzite, by which the river crosses the mountains, were first established
in the softer overlying formations and that these formations furnished much of the corrosive
material by means of which the harder rocks were cut away.”” In 1897 Davis,! in commenting
on the above-quoted statement of Irving, said:

It is not clear whether the overlying formations here mentioned were higher members of the Uinta arch or uncon-
formably overlying Tertiaries. If the former, the writer would support Powell’s explanation of the antecedent origin
of the river; if the latter, he would support Emmons’s view that the river is of superposed origin. In either case
discussion on the question is hardly closed. Indeed, considering how frequently the Green is referred to as an
antecedent river, it is remarkable that so little attention is given to the doubts that have been expressed regarding
that manner of origin and to the difficulties that such an origin involves.

Davis also calls attention to the fact that two recent textbooks on geology * credit the
antecedent explanation. Davis ? himself says:

The Green River was unquestionably laked by the uplift of the Uinta Range, and to this extent it is a defeated
and not an antecedent river. Between its two meridional portions, north and south of the range, the river makes a

great bend to the east, turning from the higher toward the lower part of the uplift—a remarkable coincidence if this
was an antecedent turn.

A few months later Emmons,* referring to the above-cited article by Davis, said:

Long before the appearance of the two textbooks he quotes (Tarr and Scott), Le Conte and Geikie had each referred
to it as antecedent and illustrating the slow uplift of mountain ranges, in apparent unconsciousness that any other view
is possible. Suess,® on the other hand, in his exceedingly careful review of the structure of this region, adopted my
view without any reference to that of Powell.

Throughout the remainder of his article Emmons points out some of the difficulties involved
in the antecedent origin advanced by Powell, and finally closes ® by saying:

I have for a long time been hoping, and still hope, that some other geologist may make a more thorough exami-
nation than I was able to make at that time and determine the nature and extent of this singular formation [referring
to the Bishop (‘“Wyoming”) conglomerate], which has never been satisfactorily accounted for. Whatever may be
the outcome of such an examination, it would seem proper that the antedecent origin of this river should be held in
abeyance until some positive evidence of it can be furnished.

White,” in his concluding remarks on the geology of northwestern Colorado, lays especial
emphasis on the antecedent origin of Green and Yampa rivers. In order that his views on the
origin of Yampa River, as related to the Junction Mountain and Juniper Mountain uplifts,
may be clearly understood a passage is quoted directly from his closing remarks:

The factsalready presented show that the elevation of not only the narrowest folds but even that of the two upthrusts
which have been described did not cause the rivers under which their elevation began to swerve from their original
courses, as the elevation progressed, to the extent of more than a few rods. This fact is exemplified in Split Mountain,
where Green River cuts a short deep canyon through that prominent spur of Yampa Plateau; but it is more conspicu-
ously shown where Yampa River traverses both the Junction and Yampa [Juniper] Mountain upthrusts.

The writer’s field observations during the last two years lead to conclusions that are not
wholly in accord with those of White relative to the antecedent origin of Yampa River where it
cuts its narrow canyon through Juniper Mountain. The field observations opposed to the view
of antecedent origin are briefly as follows:

The main portion of the mountain is composed of sandstone and hard red quartzite, includ-
ing layers of conglomerate. This formation was mapped by White as equivalent to that
forming the core of Junction Mountain and also to the typical quartzite and sandstone forming
the main eore of the Uinta Range. The summit and northern flank of the mountain are
composed of metamorphosed limestones and sandstones interbedded. In passing east up
Yampa River as far as the Government bridge, and thence northeast and finally north for
several miles, one crosses approximately at right angles to the strike the same formations that

1 Davis, W. M., Current notes on physiography: Science, new ser., vol. 5, p. 647, 1897.
‘3 Tarr, R. S., Elementary geology, p. 319, New York, 1807. Scott, W. B., An introduction to geology, p. 325, New York, 1897.
3 Davis, W. M., op. cit., pp. 647-648.
4 Emmons, 8. F., Origin of Green River: Science, new ser., vol. 6, p. 19, 1897.
& Suess, E., Antlitz der Erde, vol. 1, p. 736.
¢ Emmons, 8. F,, op. cit., p. 21.
T White, C. A., op. cit., p. 710.
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are involved in the structure of the Axial Basin anticline and the Juniper Mountain uplift.
With the exception of that portion of the section included between the Carboniferous beds and
the White Cliff sandstone (Jurassic) the entire sequence is well exposed. In all probability
from 15,000 to 20,000 feet of beds are included in the section between the top of the ‘‘Laramie”
and the highest Carboniferous beds exposed. The highest Carboniferous beds exposed at the
east end of the canyon dip about 15° E. From this point the dip increases to 31° at Juniper
Hot Springs, about a mile farther east along the south bank of Yampa River. From the hot
springs eastward the dip decreases; for example, the basal beds of the Mesaverde formation
about three-quarters of a mile northeast of the Government bridge dip about 15° NE., and near
parallel 40° 30’ the Lewis shale dips 6°-8° NE. If the erosion accompanying and following
the formation of the Axial Basin anticline and the Juniper Mountain uplift were the last event
in the geologic history recorded by the rocks of this region, then the hypothesis of the antecedent
origin of the deep canyon through Juniper Mountain might be accepted, but such is not the case.
The period of erosion must have been followed by one of subsidence and deposition, for upon
the upturned and eroded edges of all the formations studied by the writer, from the Carbon-
iferous to the post-‘‘Laramie,” rest a series of horizontal Eocene (?) beds known as the Browns
Park formation. The basal beds of this formation where best exposed consist of soft, more or
less unconsolidated reddish and yellowish-brown sandstones. These beds usually contain a
large amount of conglomerate, the pebbles of which consist of schist, gneiss, coarse and fine
grained granite, white and red quartzite, and white and reddish vein quartz. At least 50 feet
of such beds lie horizontally above the gently dipping Mancos shale in the bank of the river in
the southwest corner of sec. 22, T. 6 N., R. 94 W. These basal beds grade within a few feet
into the overlying soft white sandstone which comprises much the greater part of the formation.
Powell ! describes the Browns Park ‘‘group” as occurring in the valley of Browns Park, a deep
basin of erosion in the axis of the Uinta fold, near the east end of the Uinta Range. He says:

Eastward, both on the north and south sides of the area of outcrop, the beds are seen to rest unconformably upon
all of the Carboniferous, Mesozoic, and Cenozoic formations previously mentioned. The unconformity with the upper
Green River, lower Green River, and Bridger beds is well exhibited in the Dry Mountains in many fine exposures.
# # % (Conglomerates are found at the base, in some localities having a great development.

White,? who afterward studied the region, described the eastward extension of the beds
from Browns Park to Cedar Mountain (then known as Fortification Butte). The map accom-
panying his report, compiled in part from the published maps of Powell, Hayden, and King,
represents these beds as completely surrounding both the Junction Mountain and Yampa
[Juniper] Mountain uplifts. They were seen by the writer to be in almost a horizontal position
and in direct contact with the Carboniferous beds around the north end of the Juniper Moun-
tain uplift. For about 3 miles cast along the river only a narrow belt of the older beds inter-
venes between the alluvium and the Browns Park formation, which occurs as a thin cap on the
low hills. The original thickness and the height to which this formation reached can not be
ascertained. The fact, however, that there are points on the Browns Park formation in almost
any direction from Juniper Mountain at elevations equal to or greater than that of the highest
Carboniferous beds exposed where the river cuts through the mountain strongly indicates that
the rocks of the canyon were at one time covered by the Browns Park formation.

Beds resembling in every way the yellowish-brown conglomerate beds at the base of the
Browns Park formation in sec. 22, T. 6 N., R. 94 W, cap the hills near the center of Axial Basin,
about 12 miles southeast of the east end of the canyon. Gravel, probably resulting from the
disintegration of these beds, occurs as a mantle over the upper part of the Mesaverde formation
along the high ridge about 7 miles east of the canyon. The easternmost beds of the Browns
Park formation observed by the writer occur about half a mile east of Cedar Mountain (Forti-
fication Butte in the old reports). The mountain itself is about 20 miles east and 6 miles north
of the canyon and is composed of the Browns Park formation protected by a capping of basalt,

1 Powell, J. W., Report on the geology of the eastern portion of the Uinta Mountains and a region of country adjacent thereto, p. 168, 1876.
2 White, C. A., op. cit., p. 691.
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In 1878 White ! maintained that the Browns Park formation could not be of later date than
Pliocene Tertiary. In the course of his argument he said:

Furthermore, a remarkably extensive flow of basaltic trap, covering a large region which lies mainly to the east-
ward but which formerly extended much within the limits of this district, took place after the deposition of the Uinta
group [referring to the Browns Park formation] and also after it had suffered displacement and erosion, to some extent

at least. This is known to be the case because the trap is found resting upon the unevenly eroded surface of a portion
of the Uinta group at Fortification Butte.

In the field season of 1913 the writer succeeded in finding a portion of the sandstone resting
upon the basalt at Cedar Mountain and on examination found the sandstone to contain numerous
rounded masses of the basalt, indicating that instead of being all much older than the basalt,
as White had supposed, it is really in part younger. The fact that deposition of somesandstone
beds occurred after the formation of the basalt indicates that the Browns Park formation may
have been much thicker than has hitherto been supposed. The elevation of the Browns
Park formation on Cedar Mountain is about 860 feet higher than that of the highest Car-
boniferous beds exposed at the canyon where Yampa River cuts through the north end of
Juniper Mountain. The Browns Park formation is also from 800 to 1,000 feet higher than
‘the tops of the ridges across which Yampa River has intrenched its meanders in the rocks of
the Mesaverde formation east of Juniper Mountain.

As previously stated, the conspicuous portion of the Uinta fold terminates in northwestern
Colorado, but in line with its axis to the east there is a long, gentle anticline which reaches the
foothills of the Park Range and which is commonly known as the Axial Basin anticline. Upon
this anticline have been developed two distinct uplifts—Junction Mountain and Juniper Moun-
tain. If Yampa River is antecedent its present course must have been established prior to the
uplift which resulted in the formation of the Axial Basin anticline and the Junction Mountain
and Juniper Mountain uplifts, and it must have lowered its channel through Junction and
Jumper mountains and intrénched its meanders down through the Mesaverde formation east
of Juniper Mountain while the beds were being uplifted into their present position. But atten-
tion has already been called to the fact that during and after the period of upheaval sediments
many thousand feet in thickness were eroded almost to & common plane. After the period of
erosion the region was submerged and many hundred feet of additional sediments were laid
down. Powell,? in his table of the groups of sedimentary strata of the Plateau province, gives
the thickness of the Browns Park ‘“ group’’ as 1,800 feet, while White? gives it as 1,200 to 1,800
feet. If Yampa River was antecedent to the formation of the Axial Basin anticline and the
Juniper Mountain and Junction Mountain domes, its channel from the east end of the Uinta
Mountains to a point as far east as Cedar Mountain—a distance of about 50 miles—would
obviously have been completely buried by Browns Park sediments. The river, therefore, could
not have maintained its channel, and it is beyond the bounds of probability that, after cutting
through the Browns Park sediments, it should have reestablished itself in its original bed and
discovered its old canyons through Junction and Juniper mountains.

The distribution of the Browns Park formation and the altitudes at which the beds have
been observed make it very probable that the upper beds of the formation were sufficiently
high to cover to a considerable depth all that portion of the Juniper Mountain uplift which is
traversed by the canyon, as well as the Cretaceous beds down through which the river has
intrenched its meanders. This probability is strengthened by the wide distribution throughout
northwestern Colorado and southern Wyoming of beds which have not yet been definitely
correlated with the Browns Park formation but which bear a similar relation to the underlying
Cretaceous and Tertiary beds.

1 White, C. A., Report on the geology of a portion of northwestern Colorado: U. 8. Geol. and Geog. S8urvey Terr. Tenth Ann. Rept., p. 88, 1878.
3 Powell, J. W., Report on the geology of the eastern portion of the Uinta Mountains and a region of country adjacent thereto, p. 40, 1876.

8 White, C. A., On the geology and physiography of a portion of northwestern Colorado and adjacent parts of Utah and Wyoming: U. 8. Geol.
Survey Ninth Ann. Rept., p. 686, 1889.
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B.

JOINTING IN SANDSTONE OF MESAVERDE FORMATION.

A, At the ““ Transfer,”” T. 2 N., R. 92 W., Meeker quadrangle, Colo.; B, In T. 4 N., R. 91 W., Mon-
ument Butte quadrangle, Colo.






THE INORGANIC CONSTITUENTS OF ECHINODERMS.

By F. W. CLARKE and W. C. WHEELER.

INTRODUCTION.

In a recent paper ! on the composition of crinoid skeletons we showed that crinoids contain
large quantities of magnesia, and that its proportion varies with the temperature of the water
in which the creatures live. This result was so novel and surprising that it seemed desirable
to examine other echinoderms and to ascertain whether they showed the same characteristics
and regularity. A number of sea urchins and starfishes were therefore studied, their inorganic
constituents being analyzed in the same manner as those of the crinoids. The specimens for
analysis were carefully selected by Mr. Austin H. Clark, of the United States National Museum,
to whom our thanks are due

SEA URCHINS.

The following sea urchins were chosen for analysis:

1. Strongylocentrotus drobachiensis (O. F. Miller). Upernivik, Greenland, latitude 72° 48’ N.

2. Strongylocentrotus fragilis (Jackson). Albatross station 2946, off southern California. Latitude 33°58’ 00/ N., .
longitude 119° 30” 45/ W. Depth of water, 274.56 meters; bottom temperature, 13.6° C.

3. Echinarachnius parma (Lamarck). Coast of New England.

4. Encope californica (Verrill). Galapagos Islands, on or near the Equator.

5. Lytechinus anamesus (H. L. Clark). Albatross station 2938, off Wilmington, California. Latitude 33° 35/

15’/ N., longitude 118° 08/ 30’/ W. Depth, 86 meters; bottom temperature 15° C.

6. Lozechinus albus (Molina). Port Otway, Patagonia. Latitude about 46°—47° S,

7. Tetrapygus niger (Molina). Coast of Peru.

8. Tretocidaris affinis (Philippi). Albatross stations 2316 and 2317, off Key West, Florida. Latitude 24° 25’ N.,
longitude 81° 47 W. Depth, 85 meters; bottom temperature 24° C.

9. Heterocentrotus mammillatus (Linné). Low or Paumotu Archipelago, southern Pacific Ocean. Latitude
between 14° and 24° S.

In the following analyses the loss on ignition covers carbon dioxide, water, and organic
matter, the last item being often large. The deficiencies in summation are due to undeter-
mined sea salts, adherent to or inclosed by the specimens. The CO, needed is calculated to
satisfy the bases.

Analyses of sea urchins.
1 2 3 4 -] 6 7
0.12 0.28 0.14 3.86 8.52 0.05 0.31
.34 .65 .27 5.03 3.01 .17 .30
2.58 2.68 2.97 4.75 3.04 3.07 2.82
47.34 41.08 49.17 43.42 37.92 45.87 48.86
Trace. .39 .05 | Trace. .19 | Trace, Trace.
48.53 52.21 45.74 43.01 45.38 49.47 44.98
98.91 97.27 98.34 100.07 98.06 98.63 97.27
40.04 33.87 41.80 40.40 32.90 39.41 41.41

1U. 8. Geol. Survey Prof. Paper 90-D (Prof. Pape: 90. pp 33-37), 1914. 191
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Rejecting the excess of volatile matter and recalculating to 100 per cent, we have the
following composition of the inorganic constituents of the seven sea urchins of the preceding
table:

Revised analyses of sea urchins.
1 2 3 4 5 6 7
0.31 3.92 9.95 0.05 0.33
.80 .28 5.10 3.52 .19 .32
7.05 6.61 12.26 7.45 7.2 6.31
90.79 92.84 78.72 78.60 92.49 93.04
1.05 .12 Trace. .48 | Trace. Trace.
100.00 ' 100.00 | 100.00 | '100.00 | 100.00 | 100.00 100.00

Sea urchins Nos. 8 and 9, Tretocidaris and Heterocentrotus, must be considered separately
from the others. No. 9, a giant form, was the subject of four analyses, the shell or test, the
dental pyramid, the small white spines on the border of the peristome, and the large purplish--
red spines. The large red spine analyzed was 15 centimeters long and weighed 13 grams.

Analyses of Heterocentrotus mammillatus.

N Actual analyses.

Test. oo, | Whitespines. | Red spines.
0.02 0.02 0.08 0.05
.13 .08 .13 .26
5.21 5.50 3.7 4.47
43.60 46.02 48.26 47.72
49.62 47.00 46.46 45.99
98,58 98.62 98.64 925.49
39.99 42.21 42.03 42.41

Revised analyses.

Shell. pm. White spines. | Red spines.
0.02 0.02 0.05 0.05
.16 . .09 .14 .28
12.30 12.31 8.33 9.89
87.53 87.58 91.48 89.78
Trace. Trace. Trace. Trace.
100.00 100.00 100.00 100.00

From these analyses we see that the inorganic constituents of Heterocentrotus are not
uniformly distributed. The shell and teeth are alike and rich in magnesium carbonate; the
coarser spines are much less magnesian. The composition of the entire skeleton, if it can be
called so, would probably be somewhere near that of the red spines alone, only a little higher
in magnesia.

A similar example is offered by No. 8, Tretocidaris. In the specimen analyzed the shell
and spines were taken separately, but the spines were dead when the urchin was collected.

The analyses are as follows:
Analyses of Tretocidaris affinis.

Actual analyses. Revised analyses.
Shell. Spines. Shell. Spines.
0.12 0.
.17 .15
9.33 4.
90. 38 94.
Trace. Trace.
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Here again the spines are lower in their content of magnesia than the shell.

In two of the analyses, Nos. 4 and 5, large percentages of silica and sesquioxides appear.
These are due to inclosed or adherent sand and mud, which were visible in the specimens but
not readily removable. On rejecting these impurities and recalculating to 100 per cent, the
percentages of magnesium carbonate become 8.49 and 13.47, respectively. With these correc-
tions, and assuming the percentages found for the shells rather than the spines in Nos. 8 and 9,
the following table has been constructed:

Percentage of magnesium carbonate in sea urchins.

Locality. Latitude. Depth. J Tempera-| ygco,
Meters. ° Per cent.
Strongylocentrotus drﬁbaclnenm .| Greenland.............. 72° 48 N........... (?; ? 5.99
Tetrapygus niger.. .- JPeruo.ooooiiliill () P, 5? ? 6.31
Echinarachnius panm ............. New England. ......... 42°45° N......... ?) ? 6.61
Strongylocentrotus fragilis. . ....... California.............. 33°58 N........... 274.5 13.6 7.05
Loxechinus albus............. .-...| Patagonia...............| 46°47°8........... ? ? 7.27
Lytechinus anamesus................| California.............. 33°35’ N........... 85 15 8.49
Tretocidaris affinis. . ceo..| Key West.............. 24°25’ N.o.......... 85 24 9.33
Heterocentrotus mammillatus. . ... . Paumotu............... 14°-24°8........... 2?; E?; 12.30
Encope californica................. Galapagos. . ........... Equator. .......... ? ? 13.47

A comparison of these figures with those found for the crinoids shows the same regular
variation with temperature. The sea urchins from cold regions are relatively low in magnesia;
those from the Tropics are high. There is, however, one apparent exception—the urchin from
Peru. This abnormality may be due to growth in very deep water, which is almost always
cold, or to the Humboldt current, which flows northward from the Antarctic Ocean. It is
unfortunate that actual temperature observations are so few in this series of analyses. They
resemble those of the crinoids very closely, except that the latter seem to average somewhat
higher in magnesium carbonate. More analyses are needed to determine the fact.

STARFISHES AND OPHIURANS.

Eleven starfishes, including brittle stars, were analyzed, as follows:

1. Asterias vulgaris (Packard). Eastport, Maine. Latitude 44° 55 N., longitude 67° 00/ W.

2. Asterias tanneri (Verrill). Albatross station 2309. Latitude 35° 43/ 30’/ N., longitude 74° 62 W. Depth,
102 meters; bottom temperature not given.

3. Asterina miniata (Brandt). Pacific Grove, California. Latitude 36° 36/ N., longitude 121° 55 W.

4. Leptasterias compta (Stimpson). Albatross station 2250. Latitude 40° 17/ 15" N., longitude 69° 51/ 45"/ W',
Depth, 86 meters; bottom temperature, 10.8° C.

5. Benthopecten spinosus (Verrill). Albatross station 2568. Latitude 39° 15’ 00’/ N., longitude 68° 08’ 00"/ W.
Depth, 3,249 meters; bottom temperature, 2.7° C.

6. Luidia clathrata (Say). Near Charleston, South Carolina. Latitude 32° 47/ N., longitude 79° 87/ W. Depth,
between 2 and 22 meters.

7. Acanthaster planci(Linné). Palmyra Island, in the Pacific Ocean, west of south from Hawaii. Latitude 5° 49N,

8. Gorgonocephalus arcticus (Gray). Off Cape Cod, Massachusetts. About latitude 42° N.

9. Gorgonocephalus caryi (Lyman). Alaska.

10. Ophioglypha sarsii (Liitken). Albatross station 21%6. Latitude 39° 32’ 30" N., longitude 72° 21’ 80"/ W,
Depth, 553 meters; bottom temperature, 5° C.

11. Ophioderma cinereum (Milller and Troschel). Ensenada Honda, Culebra Island, east of Porto Rico. Latitude
18° 20 N., approximately.
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The last locality is in or on the edge of the equatorial current. The Albatross stations were
all fixed on cruises between Cape Hatteras and Nantucket. The analyses are as follows:

Analyses of starfishes.
1 2 3 4 5 6 7 8 9 10 1
0.79| 0.03| 121 3206 027 o0.19| 177| 1.08[ 0.98| 0.21
.55 .20 .48 .79 .36 14 .62 .73 .53 .09
3.83| 3.08| 3.06| 3.93| 4.89( 4.36( 3.36| 2.82| 3.99| 5.80
38.51 | 36.85 30.35 | 40.54 | 41.30  33.18  36.13 | 20.80 | 42.14 | 41.33
.24 .14 .13 a1 14 .07 .2 .32 .29 .07
54.89 | 57.64 | 63.91| 51.66 | 52.03 | 62.07 | 55.72 | 63.37 | 50.95 | 51.58
99.21 .81 | 98.84 | 99.13 | 90.00 | 98.99 [ 100.01 | 97.82 | 98.11| 98.88| 99.07
COsneeded. .oouennnnnneneneneananananeaaananananans 30.84 .30 | 33.05 | 27.08 | 35.94 | 37.70 | 30.81 | 31.65| 25.80| 37.29| 38.79
Revised analyses of starfishes. .
. 1 2 3 4 5 6 7 8 ° 10 1
064 1.01| 003]| 1.04| 247 032 o0.27| 230 17| 115 024
.30 .70 .27 .77 .94 .43 .20 84| 1.18 .62
7.70| 10.28| 11.24| 10.27| 0.88| 12.13| 13.33| 9.53| 9.71| 9.84| 14 11
91.06 | 87.44 | 88.06 | 86.57 | 86.43 | 86.77 | 85.90 | 86.60 | 86.18 | 87.65| 85.34
.21 .57 .40 .45 .29 .36 .21 64| 1.16 .74 .19
100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 [ 100.00

In the following table the analyses are arranged in the order of ascending magnesium car-
bonate, like those of the sea urchins:

Percentage of magnesium carbonate in starfishes.

Locality. Latitude. Depth. | TEmPEr- | eco,

Meters °C. Per cent.
Asterias vulgaris................... Eastport................ ] 4°8 N.___... ... ? ? 7.79
Gorgonocephalus arcticus........... CapeCod.............. 42° £ N.._........ ? ? 9.53
Gorgonocephalus caryx cee..| Alagka... ...l (e ececeaaaaaann ? ? 9.71
Ophioglypha sarsii................. Station 2176............. 39°32 N........... 5 9. 84
Benthopecten spinosus............. Station 2568............. 39°15’ N........... 3,249 2.7 9.88
Leptasterias compta. .............. Station 2250............. 40°17” N........... ! 86 10.8 10. 27
Asterias tanneri................... Station 2309............. 35°43 N........... ' 102 ? 10.88
Asterina miniata...................[ California.............. 36°36’N........... ? ? 11. 24
Luidia clathrata_.................. Charleston............. 32°47 N........... ? ? 12.13
Acanthaster planci................. Palmyra Island.........| 5°4% N............ ? ? 13.33
Ophioderma cinereum.............. Culebra................ 18° 20 N........... ? ? 14.11

|
CRINOIDS.

In order to make the comparison between the three groups of echinoderms more com-
plete, two additional crinoid skeletons were analyzed, as follows:
1. Zygometra microdiscus (Bell). Aru Islands, near the western tip of New Guinea. Latitude 5°-6° S.

2. Chlorometra rugosa (A. H. Clark). Near Rotti, Lesser Sunda Islands. Latitude 10° 39’ S., longitude 123° 40 E.
Depth, 520 meters.

Analyses of crinoids.
Actual analyses. Revised anelyses.
1 2 :I 2

0.04 0.05 l 0.06
L48 .23 &
4.92 3.99 9.87
37.19 42.72 89. 80
17 Trace. Trace.

53. 05 51.69
100. 00

97.85 0%.68

34.47 37.95
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Combining these data with those given in our paper upon the crinoids, we have the fol-
lowing table:
Percentage of magnesium carbonate tn crinoids.

Genus. Locality. Latitude. Depth. | TEmPEr- | Moo,
°C Per cent.

Heliometra. ...........ccooannn.. Northern Japan. . . 1.5 7.28
Promachocrinus. ........ e Antarctic.............. -1.8 7.86
Ptilocrinus.........................| British Columbia 1.8 7.91
Anthometra Antarctic. ............. -18 8.23
Peathyrometra... Northern Japan 1.6 9. 25
Hathrometra weev.....| Massachusetts. 7.8 9. 36
Florometra.... .| Washington. 3.3 9.4
Chlorometra.. ...| Rotti......... ? 9. 87
By'thocnnus. ceresereeenenenne.....| Gulf of Mexico. . ? 10. 09
Pentametrocrinus. ................ Southern Ja, 3.4 10.15
Philippine s]a.nda 10. 2 10.16
St ss)

ppine L
mfm ............... ?) 11.13
.................. ?) 11. 56
Plnhppme Islands ?) 11.68
Cuba.................. 26. 2 11. 69
| Brazileeeeeoioiiiao.. ?) 11.77
Cuba........c.o.oo... ? 11.79
.| Philippine Islands ? 12.20
Philippine Islands ? 12. 34
Ph111 B:xlxm Islands E?g 12. 69
............. ? 13.37

The percentage of magnesium carbonate in Chlorometra is low for the latitude of the
locality; but that is doubtless due to the depth of the water (520 meters) in which the crinoid
lived. The probable temperature at that depth was between 7° and 10° C.

GENERAL CONSIDERATIONS.

From the evidence now available, it seems almost certain that the inorganic constituents
of any echinoderm will have the composition of a moderately magnesian limestone. There
may be exceptions, but none has yet been found. The three tables, for crinoids, sea urchins,
and starfishes, all tell the same story, and with remarkable unanimity. Furthermore, the
proportion of magnesium carbonate appears to be a function of temperature, the organisms
from warm regions being richer in it than the cold-water forms. The exceptions to this rule
are apparent rather than real; for cold or warm currents and varying depths of water account
for all seeming irregularities. The sea urchins seem to be a little poorer in magnesia than
either of the other groups, but the analyses are fewer and therefore less conclusive. Silica and
sesquioxides are probably altogether extraneous, although it is possible that small quantities
of them may really belong to the organisms. In phosphate of lime the starfishes are richest,
and all the specimens analyzed contain it in small amounts. Whether it is an essential con-
stituent or not is uncertain. As shown by Meigen’s reaction, all the echinoderms studied are
calcitic, and no evidence of aragonite in them was found.

The temperature regularity shown by the analyses offers an interesting biological problem
with which we can not undertake to cope. It is not due to differences of composition in the
solid matter of sea water, for that is practically uniform all the world over. In all the great
oceans, and even in minor bodies of water like the Mediterranean, the Baltic, and the Black
Sea, the proportion of magnesia to lime is very nearly if not actually constant. In gaseous
contents and especially in carbon dioxide the waters vary; the gases being more soluble in
cold than in warm water. Whether this fact has any relation to the phenomenon under dis-
cussion we can not attempt to say. We can only report the facts and leave their biological
discussion to others.
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On the geological bearing of the evidence now before us it is easy to speculate; but here
great caution is needed. It would be unwise to assume that magnesian sediments are more
abundantly deposited in warm than in cold climates, and so to develop a system of what might
be called paleoclimatology. Against such an attempt there are two obvious reasons. First,
the sediments are only in small part derived from echinoderm remains. Other agencies are
more important in the formation of marine limestones. Secondly, a dense population, so to
speak, of cold-water organisms may deposit much more magnesia than a sparse population of
warm-water forms. The data now in hand, with all their suggestiveness, are too few to warrant
any far-reaching generalizations. It is our intention to carry the investigation still further,
studying other marine invertebrates by the same methods as those which we have followed
here. If other analysts choose to enter this field of research, their results will be welcomed

by us.
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